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Executive Summary 
The purpose of this project is to produce an up-to-date assessment of the risk of brominated flame 
retardants (BFRs) reaching drinking water sources in England and Wales. The study reviews BFRs as a 
group, building on the existing risk assessments that are available, and focuses on the potential for 
contamination of sources of drinking water. 

A total of around 85 substances have been identified that could potentially be used as BFRs in England and 
Wales. Using a screening approach, the BFRs were assigned to one of three groups: those with a high 
potential for occurrence in water sources; those with a moderate potential for occurrence in water sources; 
and those with a low potential for occurrence in water sources. Based on the (in many cases limited) 
information available, the substances identified with the highest potential for occurrence in water sources 
are as follows. 

BFRs identified as a high potential for occurrence in water sources 

Tetrabromobisphenol-A (along with tetrabromobisphenol-A dimethyl ether) 
Tetrabromobisphenol-A bis-(2-hydroxyethylether) 
Tetrabromobisphenol-S 
Dibromopentylglycol 
Tribromoneopentylalcohol 
Vinylbromide 
Tribromophenyl allyl ether 
Pentabromobenzyl acrylate  
Pentabromotoluene 
2,3-Dibromo-2-butene-1,4-diol 
2,4-Dibromophenol 
2,4,6-Tribromophenol 
Pentabromophenol 
1,2-Bis(2,4,6-tribromophenoxy)ethane 
Tetrabromophthalic acid Na salt 
Tetrabromophthalic acid diol (and diester of tetrabromophthalic acid and 1,2-
benzenedicarboxylic acid, 3,4,5,6-tetrabromo-, mixed esters with diethylene glycol 
and propylene glycol) 
Tetrabromophthalic anhydride 
Hexabromocyclododecane 
1,2-Dibromo-4-(1,2-dibromomethyl) cyclohexane 
Ethylene-bis(5,6-dibromonorbornane-2,3-dicarboximide) 
1,3,5-tris(2,3-dibromo-propoxy)-2,4,6-triazine 
Bromo-chlorinated paraffins 
Tris(2,4-dibromophenyl) phosphate 
Chlorinated brominated phosphate ester 
Ethane-1,2-bis(pentabromophenyl) 
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The available limited monitoring data suggest that widespread contamination of water sources from BFRs 
would not be expected and, when present, the concentration would be expected to be very low (low ng/l 
levels). Worst case calculations indicate that higher concentrations might occur in some water sources 
close to industrial point sources of release, for example plastics processing or textile processing sites. 
However the subsequent treatment processes used to purify the final drinking water would be expected to 
be effective at reducing these concentrations or removing these contaminants almost entirely. 

There are a number of important data gaps that limit the robustness of the analysis that could be carried out 
notably: 

• limited information on the actual levels of BFRs in drinking water and surface water worldwide; 

• lack of information on the current amounts, actual applications and sites of use of BFRs in England 
and Wales; 

• lack of information on the emissions to the environment; 

• lack of experimental information on the physico-chemical properties, degradation and effects of 
BFRs; and 

• lack of information on removal during treatment of surface water and ground water to produce 
drinking water. 

In terms of options for future work, one option that could be considered to reduce the uncertainty in this 
work is to carry out further monitoring for the levels of BFRs in drinking water sources in England and 
Wales. A limiting factor here may be the lack of suitable analytical methods for many of the BFRs, 
particularly if very low (sub-µg/l levels) need to be determined.  

An alternative option here would be to consider a review of the available data on BFRs in sediments in 
England and Wales as this could act as a useful marker for water sources where a higher risk of 
contamination from BFRs could occur.  

It may also be possible to remove some of the uncertainties in this study by generating new information on 
the current amounts of BFRs used in England and Wales, the actual uses and sites of use of these BFRs, 
the emissions to the environment and the actual removal during treatment of drinking water. However this is 
likely to be time consuming and there is no guarantee that sufficient new information will be generated to 
address all of the uncertainties in the evaluation. 

The outcomes of this research will be useful to water companies carrying out risk assessments under 
Regulation 27 of the Water Supply (Water Quality) Amendment Regulations 2007 (Statutory Instrument 
2007/2734) or the Water Supply (Water Quality) Regulations 2001 (Amendment) Regulations 2007 
(Statutory Instrument 2007/3374) and to the Drinking Water Inspectorate in reviewing the risk assessment 
reports submitted under Regulation 28 of this legislation. 

This work was funded by Defra (Project code CEER 0704) whose contribution is gratefully acknowledged. 
The views expressed in this report are those of the authors and do not necessarily reflect those of Defra. 
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Introduction 

Brominated flame retardants (BFRs) as a group are compounds of human health interest because of the 
endocrine disrupting potential, toxicity and potential for bioaccumulation of some members of the group. 
There is now much evidence available that the most commonly used brominated flame retardants are 
widely distributed in the environment, and some have been found to be present in the tissues of humans. 
The use of some BFRs has been prohibited at the European level and some BFRs have been identified as 
hazardous substances and priority hazardous substances under the Water Framework Directive1. 

Detailed risk assessments have already been conducted under the EU Existing Substances Regulation on 
a number of BFRs used in the highest quantities; including three polybrominated diphenyl ethers, 
tetrabromobisphenol-A and hexabromocyclododecane. In general these risk assessments conclude that 
exposure of humans through drinking water is likely to be small compared to other routes of exposure 
owing to the physico-chemical properties of BFRs (they generally have a very low water solubility and a 
high octanol-water partition coefficient, meaning that the concentrations present in drinking water are 
expected to be very low). However, there are a number of other BFRs that have not yet been fully 
assessed. 

The purpose of this project is to produce an up-to-date assessment of the risk of BFRs reaching drinking 
water sources in England and Wales. The study reviews BFRs as a group, building on the existing risk 
assessments that are available, and focuses on the potential for contamination of sources of drinking water. 

The main objectives of the project are as follows. 

1. To review published information on levels of BFRs in drinking water sources worldwide. 

2. To establish the past or present usage of BFRs within England and Wales and identify which of 
these activities, if any, may give rise to high environmental contamination. 

3. To conduct a risk assessment to identify high and low risk water sources, and to estimate the levels 
of BFRs that may be present in these sources. 

4. To consider the effects of both the current restrictions of and, where appropriate, historical uses of 
BFRs on the potential for contamination of drinking water supplies. 

5. On the basis of the risk assessment, to advise whether there is any justification in conducting any 
routine monitoring of drinking water supplies for BFRs or any further research in this area. 

The outcomes of this research will be useful to water companies carrying out risk assessments under 
Regulation 27 of the Water Supply (Water Quality) Amendment Regulations 2007 (Statutory Instrument 
2007/2734) or the Water Supply (Water Quality) Regulations 2001 (Amendment) Regulations 2007 
(Statutory Instrument 2007/3374) and to the Drinking Water Inspectorate in reviewing the risk assessment 
reports submitted under Regulation 28 of this legislation. 

                                                   
1 Directive 2000/60/EC. 
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Published information on the levels of brominated flame retardants in drinking 
water worldwide 

The first stage of the project was to carry out a review of the published information on levels of brominated 
flame retardants (BFRs) in water sources and drinking water worldwide. This involved the following. 

- Carrying out an on-line literature search using chemical abstracts. 

- Carrying out a search of the internet. 

- Reviewing published international risk assessment of BFRs. This included those produced under 
the EU Existing Substances Regulation and other international programs. 

- Liaison with the water companies in England and Wales and the Environment Agency2. 

The information found on levels of BFRs in drinking water is summarised in Table 1. Only very limited 
information was located and a brief discussion of these data is given below.  

The BFR hexabromocyclododecane (HBCDD) has been found at low μg/l levels in borehole water and 
mains water supplies at HBCDD production facilities in the UK and the Netherlands, however few other 
details of the source of the water are available. It is understood that the production facility in the UK in 
question has since closed (ECB, 2007a). 

A total of 263 water companies in England and Wales have been contacted to find out what monitoring, if 
any, they carry out for brominated flame retardants. Replies were received from 21 of the companies, 19 of 
which indicated that they had no monitoring data for BFRs. One of the companies indicated that although 
they do not carry out routine monitoring specifically for BFRs, these substances have not been “seen” by 
the laboratory in their samples. However the same company also carries out contract analysis of other 
samples and it was indicated that BFRs may have been present in one of these samples, but this is 
confidential information. 

One company (Company A) has provided results for two substances; 2,4-dibromophenol and 
2,4,6-tribromophenol. The samples analysed included raw water (both ground water and surface water) and 
customer tap water taken between 1998 and 2000. The results of these analyses are included in Table 1. 
As can be seen from these results, the two substances were not detectable in the majority of the samples, 
however both 2,4-dibromophenol (at a concentration of 0.12 μg/l) and 2,4,6-tribromophenol (at a 
concentration of 0.40 μg/l) were measured in one sample each of tap water. 

A study by Polo et al. (2006) found that several brominated phenols (including 2-bromophenol, 
2-bromo-4-methylphenol, 4-bromo-3-methylphenol, 2,4-dibromophenol, 2,6-dibromophenol, 
2,4,6-tribromophenol and pentabromophenol) were not detectable (at sub-µg/l levels) in a sample of tap 
                                                   
2 The Environment Agency indicated that they did not carry out routine monitoring of drinking water. The 
published information on levels of BFRs in surface waters from studies carried out by the Environment 
Agency is summarised in Table 2.  
3 Two of the companies merged during the course of this project. 



7 Brominated flame retardants - risks to UK drinking water sources  
 

 
BRE Client report number 242844  
Commercial in confidence 

© Building Research Establishment Ltd 2009  
 

 

water (probably from Spain). In addition, the BFR tetrabromobisphenol-A was also not detectable 
(concentration <0.012 µg/l) in the sample. 

Fontanals et al. (2006) investigated the levels of polybrominated diphenyl ethers in a sample of tap water 
from Halmstad, Sweden. The substances investigated included di- to heptabromodiphenyl ethers. The 
substances investigated were not detectable (at low ng/l concentrations) in the sample. 

Overall the amount of information on the actual levels of brominated flame retardants in drinking water is 
very limited. In most studies carried out so far brominated flame retardants have generally been not 
detectable in samples of drinking water or present at only very low levels (sub-µg/l levels). The highest 
concentrations reported are in the range 5 to 10 µg/l for HBCDD in mains water from an HBCDD production 
facility in the UK in samples collected in 1999. Similar concentrations (4.8 to 16 µg/l) were also found to be 
present in borehole water from the same site but it was not clear whether on not these samples 
represented raw or finished water samples.  It should also be noted that this production facility has now 
closed. 

As a result of the limited data available on the levels of BFRs in drinking water, a brief overview of the 
available data on BFRs in surface water and ground water is given in Table 2 as these give an indication of 
the concentrations that could be expected to occur in source waters should drinking water be extracted 
from these areas. These data were identified from published reviews (e.g. EC (2000, 2002 and 2003a), 
ECB (2004, 2007a, 2007b and 2007c) and Dungey and Akintoye (2007)), and a brief search of the 
published literature. Only data referring to levels in fresh surface water or ground water are given. Data 
relating to influent/effluent streams, landfill leachate, sediments, sewage sludge, precipitation, marine water 
or estuarine water are not included. 

As well as the data reported in Table 2, it is understood that the Environment Agency (2002) study also 
analysed surface water samples for several tetrabromodiphenyl ether and pentabromodiphenyl ether 
congeners. The results of these analyses are available only in a confidential report (i.e. they were not 
summarised in the risk assessment for PentaBDE carried out under the Existing Substances Regulation 
(EC, 2000)) and so are not given here. However the results generally show similarly low levels of these 
congeners in the surface water and suspended sediment samples as found for the other congeners 
reported in Table 2 from this study. 
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Table 1  Levels of BFR in drinking water4 

BFR Comment Level Reference 

Hexabromocyclododecane (HBCDD) 

Borehole water 4.8-16 μg/l HBCDD Water supply to a HBCDD production facility in 
the UK. Samples were collected in 1999 and a 
borehole water supply to the site and the site 
mains water inlet were sampled. HBCDD was 
detected in three samples of borehole water and 
three samples of mains water. Few other details 
of this study are available. In particular no 
information is available on the relationship 
between the borehole water and mains water at 
the site (it is not clear if the mains water is 
derived from the borehole water or whether they 
are two separate supplies), or if the borehole 
water samples are raw water or finished water. 

Mains water inlet 5-10 μg/l 

Anonymous, 
2000a; ECB, 
2007a 

HBCDD Water from a local water supply used as process water at a HBCDD 
production facility in the Netherlands. Two different analytical methods 
were used, and these gave HBCDD concentrations of 0.16 and 
0.25 μg/l for the same sample. Few other details of this study are 
available. In particular it is not clear if the samples represent raw 
water or finished mains water. 

0.16-0.25 μg/l Anonymous, 
2000b; ECB, 
2007a 

Brominated phenols 

2-Bromophenol Sample of tap water, probably from Spain. Not detected 
(<0.016 µg/l) 

Polo et al., 
2006 

2-Bromo-4-
methylphenol 

Sample of tap water, probably from Spain. Not detected 
(<0.007 µg/l) 

Polo et al., 
2006 

                                                   
4 Further details of the analytical methods used, where available, are given in Table 3. 
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BFR Comment Level Reference 

4-Bromo-3-
methylphenol 

Sample of tap water, probably from Spain. Not detected 
(<0.009 µg/l) 

Polo et al., 
2006 

2,4-Dibromophenol Raw groundwater, United Kingdom. One sample analysed in 1999.  Not detected (<0.04 
μg/l) 

Company A, 
2008 

2,4-Dibromophenol Surface water, United Kingdom. Two samples analysed in 1998. Not detected (<0.02 
μg/l) 

Company A, 
2008 

2,4-Dibromophenol Sample from a hydrant, United Kingdom. One sample analysed in 
1998. 

Not detected (<0.05 
μg/l) 

Company A, 
2008 

2,4-Dibromophenol Tap water, United Kingdom. Fifteen samples analysed in 1998, six 
samples analysed in 1999 and two samples analysed in 2000. The 
substance was detected in only one out of the 23 samples at a 
concentration of 0.12 μg/l (a sample from 1998). The detection limit of 
the analytical method was in the range 0.01 to 0.05 μg/l depending on 
the sample. 

Not detected to 0.12 
μg/l 

Company A, 
2008 

2,4-Dibromophenol Sample of tap water, probably from Spain. Not detected 
(<0.013 µg/l) 

Polo et al., 
2006 

2,6-Dibromophenol Sample of tap water, probably from Spain. Not detected 
(<0.008 µg/l) 

Polo et al., 
2006 

2,4,6-
Tribromophenol 

Raw groundwater, United Kingdom. One sample analysed in 1999. Not detected (<0.04 
μg/l) 

Company A, 
2008 

2,4,6-
Tribromophenol 

Raw surface water, United Kingdom. Two samples analysed in 1998 
and two samples analysed in 1999. 

Not detected (<0.01 
μg/l) 

Company A, 
2008 

2,4,6-
Tribromophenol 

Surface water, United Kingdom. Six samples analysed in 1998 and 
four samples analysed in 1999. 

Not detected (<0.01 
μg/l) 

Company A, 
2008 

2,4,6-
Tribromophenol 

Canal water, United Kingdom. Two samples analysed in 1998 and two 
samples analysed in 1999. 

Not detected (<0.01 
μg/l) 

Company A, 
2008 



 
 

 

 B
R

E
 C

lient report num
ber 242844  

C
om

m
ercial in confidence 

 

©
 B

uilding R
esearch E

stablishm
ent Ltd 2009 

10 
Brom

inated flam
e retardants - risks to U

K drinking w
ater sources  

BFR Comment Level Reference 

2,4,6-
Tribromophenol 

Sample from a hydrant, United Kingdom. One sample analysed in 
1998. 

Not detected (<0.05 
μg/l) 

Company A, 
2008 

2,4,6-
Tribromophenol 

Tap water, United Kingdom. Fourteen samples analysed in 1998, six 
samples analysed in 1999 and two samples analysed in 2000. The 
substance was detected in only one out of the 22 samples at a 
concentration of 0.44 μg/l (a sample from 1998). The detection limit of 
the analytical method was in the range 0.01 to 0.05 μg/l depending on 
the sample. 

Not detected to 0.12 
μg/l 

Company A, 
2008 

2,4,6-
Tribromophenol 

Sample of tap water, probably from Spain. Not detected 
(<0.003 µg/l) 

Polo et al., 
2006 

Pentabromophenol Sample of tap water, probably from Spain. Not detected 
(<0.046 µg/l) 

Polo et al., 
2006 

Polybrominated diphenyl ethers 

Dibromodiphenyl ether congeners 

BDE 15 Sample of tap water from Halmstad, Sweden. Not detected 
(<0.0008 µg/l) 

Fontanals et 
al., 2006 

Tribromodiphenyl ether congeners 

BDE 15 Sample of tap water from Halmstad, Sweden. Not detected 
(<0.0011 µg/l) 

Fontanals et 
al., 2006 

Tetrabromodiphenyl ether congeners 

BDE 47 Sample of tap water from Halmstad, Sweden. Not detected 
(<0.0006 µg/l) 

Fontanals et 
al., 2006 
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BFR Comment Level Reference 

Pentabromodiphenyl ether congeners 

BDE 99 Sample of tap water from Halmstad, Sweden. Not detected 
(<0.0029 µg/l) 

Fontanals et 
al., 2006 

BDE 100 Sample of tap water from Halmstad, Sweden. Not detected 
(<0.0023 µg/l) 

Fontanals et 
al., 2006 

Hexabromodiphenyl ether congeners 

BDE 153 Sample of tap water from Halmstad, Sweden. Not detected 
(<0.0020 µg/l) 

Fontanals et 
al., 2006 

BDE 154 Sample of tap water from Halmstad, Sweden. Not detected 
(<0.0011 µg/l) 

Fontanals et 
al., 2006 

Heptabromodiphenyl ether congeners 

BDE 183 Sample of tap water from Halmstad, Sweden. Not detected 
(<0.0023 µg/l) 

Fontanals et 
al., 2006 

Tetrabromobisphenol-A (TBBPA) 

TBBPA Sample of tap water, probably from Spain. Not detected 
(<0.012 µg/l) 

Polo et al., 
2006 

Note:  The naming of the PBDEs commonly uses the numbering system generally used for polychlorinated biphenyls (PCBs) to indicate 
the number and location of bromine atoms within the molecule.  

 BDE 15 = 4,4’-dibromodiphenyl ether 
 BDE 47 = 2,2’,4,4’-tetrabromodiphenyl ether 
 BDE 99 = 2,2’,4,4’,5-pentabromodiphenyl ether 
 BDE 100 = 2,2’,4,4’,6-pentabromodiphenyl ether 
 BDE 153 = 2,2’,4,4’,5,5’-hexabromodiphenyl ether 
 BDE 154 = 2,2’,4,4’,5,6’-hexabromodiphenyl ether 
 BDE 183 = 2,2’,3,4,4’,5’,6-heptabromodiphenyl ether 
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Table 2  Levels of BFR in surface water and ground water5 

BFR Comment Level Reference 

Hexabromocyclododecane (HBCDD) 

HBCDD Water from a creek receiving stormwater from an urban area in 
Helsinki, Finland. A single sample was collected in 2000. The 
detection limit of the method was 5 μg/l. The method determined the 
total (dissolved plus particulate) concentration. 

Not detected 
(<5 μg/l) 

Peltola, 2002 

Dissolved 
concentrations 

Not detected to 1.5 
μg/l. 

HBCDD Water samples within, upstream and downstream 
of a HBCDD production facility in the UK. The 
detection limit of the method used was around 
0.05 μg/l. The samples were filtered before 
analysis the concentration in the dissolved phase 
and particulate phase were determined 
separately. The highest concentration was found 
in a small tributary receiving surface water from 
the site.  

Suspended 
sediment 
samples 

0.025 to 1.3 μg/l 

Deuchar, 2002; 
ECB, 2007a 

HBCDD A further survey of the levels in surface waters around a HBCDD 
production facility in the UK. Six of the sampling sites from the 
Deuchar (2002) survey above collected upstream and downstream of 
the facility were re-sampled in 2005. The production facility was 
closed in December 2003 and was completely demolished by July 
2004. The detection limit of the analytical method used in this survey 
was 0.4 μg/l and the concentrations reported represent the total 
(dissolved plus particulate) concentration. HBCDD was detected in 
only one of the six samples (the same small tributary where the 
highest concentration was found in the Deuchar (2002) study) at a 
concentration of 0.88 μg/l. 

 

Not detected to 0.88 
μg/l 

Environment 
Agency, 2006; 
ECB, 2007a 

                                                   
5 Further details of the analytical methods used, where available, are given in Table 3. 
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BFR Comment Level Reference 

Polybrominated diphenyl ethers (PBDEs)a 

BDE 15 Sample of river water from Halmstad, Sweden. The sample was not 
filtered prior to analysis. 

Not detected 
(<0.0008 µg/l) 

Fontanals et al., 
2006 

Tribromodiphenyl ether congeners 

BDE 28 Samples of surface water (creek and lake water) taken from seven 
sites within the watershed basin of Lake Tahoe during March and 
April 2006. BDE 28 was not detected in any sample. The detection 
limit of the method used was not given. Few other details are 
available. 

Not detected Rainey et al., 
2006 

BDE 28 Sample of river water from Halmstad, Sweden. The sample was not 
filtered prior to analysis. 

Not detected 
(<0.0011 µg/l) 

Fontanals et al., 
2006 

Tetrabromodiphenyl ether congeners 

BDE 47 Water from a creek receiving stormwater from an urban area in 
Helsinki, Finland. A single sample was collected in 2000. The 
detection limit of the method was 0.001 μg/l. The method determined 
the total (dissolved plus particulate) concentration. 

0.005 μg/l Peltola, 2002 

BDE 47 Sample of river water from Halmstad, Sweden. The sample was not 
filtered prior to analysis. 

Not detected 
(<0.0006 µg/l) 

Fontanals et al., 
2006 

BDE 47 Single surface water sample immediately downstream of a waste 
water treatment plant receiving effluent from a commercial site using 
decabromodiphenyl ether, North Carolina, United States. 
Concentration read from a graph. Few other details are available. 

~0.008 μg/l La Guardia et 
al., 2003 
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BFR Comment Level Reference 

BDE 47 Samples of surface water (creek and lake water) taken from seven 
sites within the watershed basin of Lake Tahoe during March and 
April 2006. BDE 47 was not detected in any sample. The detection 
limit of the method used was not given but it was indicated that it was 
relatively high owing to the background levels observed in the 
laboratory method blanks. Few other details are available. 

 

Not detected Rainey et al., 
2006 

Upstream 
samples 

Not detected to 
0.00059 μg/l 

BDE 47 Receiving water from upstream and downstream 
of waste water treatment plants from Baden-
Württemberg, German. Detected in ten out 14 
upstream samples at 0.11 to 0.59 ng/l (0.00011 
to 0.00059 μg/l) and 12 out of 15 downstream 
samples at 0.09 to 0.71 ng/l (0.00009 to 0.00071 
μg/l). The detection limit of the method used was 
given as 0.2 ng/l (0.0002 μg/l). 

Downstream 
samples 

Not detected to 
0.00071 μg/l 

Kuch et al., 
1991 

BDE 66 Samples of surface water (creek and lake water) taken from seven 
sites within the watershed basin of Lake Tahoe during March and 
April 2006. BDE 66 was not detected in any sample. The detection 
limit of the method used was not given. Few other details are 
available. 

Not detected Rainey et al., 
2006 

Pentabromodiphenyl ether congeners 

BDE 85 Water from a creek receiving stormwater from an urban area in 
Helsinki, Finland. A single sample was collected in 2000. The 
detection limit of the method was 0.001 μg/l. The method determined 
the total (dissolved plus particulate) concentration. 

 

 

Not detected 
(<0.001 μg/l) 

Peltola, 2002 
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BFR Comment Level Reference 

BDE 85 Samples of surface water (creek and lake water) taken from seven 
sites within the watershed basin of Lake Tahoe during March and 
April 2006. BDE 85 was not detected in any sample. The detection 
limit of the method used was not given. Few other details are 
available. 

Not detected Rainey et al., 
2006 

BDE 99 Water from a creek receiving stormwater from an urban area in 
Helsinki, Finland. A single sample was collected in 2000. The 
detection limit of the method was 0.001 μg/l. The method determined 
the total (dissolved plus particulate) concentration. 

0.003 μg/l Peltola, 2002 

BDE 99 Sample of river water from Halmstad, Sweden. The sample was not 
filtered prior to analysis. 

Not detected 
(<0.0029 µg/l) 

Fontanals et al., 
2006 

BDE 99 Single surface water sample immediately downstream of a waste 
water treatment plant receiving effluent from a commercial site using 
decabromodiphenyl ether, North Carolina, United States. 
Concentration read from a graph. Few other details are available. 

~0.012 μg/l La Guardia et 
al., 2003 

BDE 99 Samples of surface water (creek and lake water) taken from seven 
sites within the watershed basin of Lake Tahoe during March and 
April 2006. BDE 99 was not detected in any sample. The detection 
limit of the method used was not given but it was indicated that it was 
relatively high owing to the background levels observed in the 
laboratory method blanks. Few other details are available. 

Not detected Rainey et al., 
2006 

BDE 100 Water from a creek receiving stormwater from an urban area in 
Helsinki, Finland. A single sample was collected in 2000. The 
detection limit of the method was 0.001 μg/l. The method determined 
the total (dissolved plus particulate) concentration. 

0.003 μg/l Peltola, 2002 

BDE 100 Sample of river water from Halmstad, Sweden. The sample was not 
filtered prior to analysis. 

 

Not detected 
(<0.0023 µg/l) 

Fontanals et al., 
2006 
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BDE 100 Single surface water sample immediately downstream of a waste 
water treatment plant receiving effluent from a commercial site using 
decabromodiphenyl ether, North Carolina, United States. 
Concentration read from a graph. Few other details are available. 

~0.001 μg/l La Guardia et 
al., 2003 

BDE 100 Surface water contaminated by the effluent from a plastics company 
(probably in Spain). The water does not appear to have been filtered 
prior to analysis but it is unclear if the extraction method used (stir bar 
sorptive extraction) would have extracted the substance from the 
particulate phase). 

0.082 µg/l Llorca-Porcel et 
al. (2006) 

BDE 100 Samples of surface water (creek and lake water) taken from seven 
sites within the watershed basin of Lake Tahoe during March and 
April 2006. The detection limit of the method used was not given but it 
was indicated that it was elevated owing to the background levels 
observed in the laboratory method blanks. BDE 100 was tentatively 
identified in two of the sample at concentrations of 57-75 pg/l 
(0.000057-0.000075 μg/l) 

Not detected to 
0.000075 μg/l. 

Rainey et al., 
2006 

Upstream 
samples 

Not detected 
(<0.0002 μg/l) 

BDE 99 + BDE 100 Receiving water from upstream and downstream 
of waste water treatment plants from Baden-
Württemberg, German. Not detected in 14 
upstream samples or 15 downstream samples. 
The detection limit of the method used was 0.2 
ng/l (0.0002 μg/l). 

 

 

 

 

 

Downstream 
samples 

Not detected 
(<0.0002 μg/l) 

Kuch et al., 
1991 
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Hexabromodiphenyl ether congeners 

Upstream water 
samples 

Not detected 
(<0.002 μg/l) 

Downstream 
water samples 

Not detected 
(<0.002 μg/l) 

Upstream 
suspended 
sediment 
samples 

Not detected 
(<0.002 μg/l) 

BDE 138 Surface water near to a former PBDE production 
site in the UK. Samples taken in March 2002. 
Samples were filtered (0.45 μm) before analysis 
and the concentration in both the dissolved 
phase and suspended sediment was determined. 
Samples taken upstream and downstream of 
discharge point from the sewage treatment plant 
(two samples per location). The detection limit 
was 0.002 μg/l for both the dissolved phase and 
the suspended sediment phase. 

Downstream 
suspended 
sediment 
samples 

Not detected 
(<0.002 μg/l) 

Environment 
Agency, 2002; 
EC, 2003a 

BDE 138 Samples of surface water (creek and lake water) taken from seven 
sites within the watershed basin of Lake Tahoe during March and 
April 2006. BDE 138 was not detected in any sample. The detection 
limit of the method used was not given. Few other details are 
available. 

 

 

 

 

 

 

Not detected Rainey et al., 
2006 



 
 

 

 B
R

E
 C

lient report num
ber 242844  

C
om

m
ercial in confidence 

 

©
 B

uilding R
esearch E

stablishm
ent Ltd 2009 

18 
Brom

inated flam
e retardants - risks to U

K drinking w
ater sources  

BFR Comment Level Reference 

Upstream water 
samples 

Not detected 
(<0.002 μg/l) 

Downstream 
water samples 

Not detected 
(<0.002 μg/l) 

Upstream 
suspended 
sediment 
samples 

Not detected to 
0.004 μg/l 

BDE 153 Surface water near to a former PBDE production 
site in the UK. Samples taken in March 2002. 
Samples were filtered (0.45 μm) before analysis 
and the concentration in both the dissolved 
phase and suspended sediment was determined. 
Samples taken upstream and downstream of 
discharge point from the sewage treatment plant 
(two samples per location). The detection limit 
was 0.002 μg/l for both the dissolved phase and 
the suspended sediment phase. 

Downstream 
suspended 
sediment 
samples 

Not detected 
(<0.002 μg/l) 

Environment 
Agency, 2002; 
EC, 2003a 

BDE 153 Surface water contaminated by the effluent from a plastics company 
(probably in Spain). The water does not appear to have been filtered 
prior to analysis but it is unclear if the extraction method used (stir bar 
sorptive extraction) would have extracted the substance from the 
particulate phase. The concentration reported is less than the limit of 
quantification given in the paper. 

0.015 µg/l Llorca-Porcel et 
al. (2006) 

BDE 153 Water from a creek receiving stormwater from an urban area in 
Helsinki, Finland. A single sample was collected in 2000. The 
detection limit of the method was 0.001 μg/l. The method determined 
the total (dissolved plus particulate) concentration. 

Not detected 
(<0.001 μg/l) 

Peltola, 2002 

BDE 153 Sample of river water from Halmstad, Sweden. The sample was not 
filtered prior to analysis. 

Not detected 
(<0.0020 µg/l) 

Fontanals et al., 
2006 

BDE 153 Single surface water sample from immediately downstream of a 
waste water treatment plant receiving effluent from a commercial site 
using decabromodiphenyl ether, North Carolina, United States. 
Concentration read from a graph. Few other details are available. 

~0.003 μg/l La Guardia et 
al., 2003 
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BFR Comment Level Reference 

BDE 153 Samples of surface water (creek and lake water) taken from seven 
sites within the watershed basin of Lake Tahoe during March and 
April 2006. BDE 153 was not detected in any sample. The detection 
limit of the method used was not given. Few other details are 
available. 

Not detected Rainey et al., 
2006 

Upstream water 
samples 

Not detected 
(<0.002 μg/l) 

Downstream 
water samples 

Not detected 
(<0.002 μg/l) 

Upstream 
suspended 
sediment 
samples 

Not detected to 
0.002 μg/l 

BDE 154 Surface water near to a former PBDE production 
site in the UK. Samples taken in March 2002. 
Samples were filtered (0.45 μm) before analysis 
and the concentration in both the dissolved 
phase and suspended sediment was determined. 
Samples taken upstream and downstream of 
discharge point from the sewage treatment plant 
(two samples per location). The detection limit 
was 0.002 μg/l for both the dissolved phase and 
the suspended sediment phase. 

Downstream 
suspended 
sediment 
samples 

Not detected 
(<0.002 μg/l) 

Environment 
Agency, 2002; 
EC, 2003a 

BDE 154 Surface water contaminated by the effluent from a plastics company 
(probably in Spain). The water does not appear to have been filtered 
prior to analysis but it is unclear if the extraction method used (stir bar 
sorptive extraction would have extracted the substance from the 
particulate phase). 

Not detected 
(<0.010 µg/l) 

Llorca-Porcel et 
al. (2006) 

BDE 154 Sample of river water from Halmstad, Sweden. The sample was not 
filtered prior to analysis. 

Not detected 
(<0.0011 µg/l) 

Fontanals et al., 
2006 

BDE 154 Single surface water sample from immediately downstream of a 
waste water treatment plant receiving effluent from a commercial site 
using decabromodiphenyl ether, North Carolina, United States. 
Concentration read from a graph. Few other details are available. 

~0.002 μg/l La Guardia et 
al., 2003 
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BDE 154 Samples of surface water (creek and lake water) taken from seven 
sites within the watershed basin of Lake Tahoe during March and 
April 2006. BDE 154 was not detected in any sample. The detection 
limit of the method used was not given. Few other details are 
available. 

Not detected Rainey et al., 
2006 

Surface water from industrial, urban and rural areas of Japan, 1987. A 
total of 75 samples analysed. Detection limit of method was 0.04 μg/l. 
Few other details are available. 

Not detected (<0.04 
μg/l) 

Environment 
Agency Japan, 
1991 

Unspecified 
hexabromodiphenyl 
ether  

Surface water from industrial, urban and rural areas of Japan, 1988. A 
total of 147 samples analysed. Detection limit of method was 0.04 
μg/l. Few other details are available. 

Not detected (<0.04 
μg/l) 

Environment 
Agency Japan, 
1991 

Heptabromodiphenyl ether congeners 

Upstream water 
samples 

Not detected 
(<0.002 μg/l) 

Downstream 
water samples 

Not detected 
(<0.002 μg/l) 

Upstream 
suspended 
sediment 
samples 

Not detected to 
0.009 μg/l 

BDE 183 Surface water near to a former PBDE production 
site in the UK. Samples taken in March 2002. 
Samples were filtered (0.45 μm) before analysis 
and the concentration in both the dissolved 
phase and suspended sediment was determined. 
Samples taken upstream and downstream of 
discharge point from the sewage treatment plant 
(two samples per location). The detection limit 
was 0.002 μg/l for both the dissolved phase and 
the suspended sediment phase. 

Downstream 
suspended 
sediment 
samples 

Not detected 
(<0.002 μg/l) 

Environment 
Agency, 2002; 
EC, 2003a 

BDE 183 Sample of river water from Halmstad, Sweden. The sample was not 
filtered prior to analysis. 

 

Not detected 
(<0.0023 µg/l) 

Fontanals et al., 
2006 
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BFR Comment Level Reference 

BDE 183 Samples of surface water (creek and lake water) taken from seven 
sites within the watershed basin of Lake Tahoe during March and 
April 2006. BDE 183 was not detected in any sample. The detection 
limit of the method used was not given. Few other details are 
available. 

Not detected Rainey et al., 
2006 

Octabromodiphenyl ether congeners 

BDE 196 Single surface water sample from immediately downstream of a 
waste water treatment plant receiving effluent from a commercial site 
using decabromodiphenyl ether, North Carolina, United States. 
Concentration read from a graph. Few other details are available. 

 

~0.002 μg/l La Guardia et 
al., 2003 

BDE 203 Single surface water sample from immediately downstream of a 
waste water treatment plant receiving effluent from a commercial site 
using decabromodiphenyl ether, North Carolina, United States. 
Concentration read from a graph. Few other details are available. 

~0.003 μg/l La Guardia et 
al., 2003 

Surface water from industrial, urban and rural areas of Japan, 1987. A 
total of 75 samples analysed. Detection limit of method was 0.1 μg/l. 
Few other details are available. 

Not detected (<0.1 
μg/l) 

Environment 
Agency Japan, 
1991 

Unspecified 
octabromodiphenyl 
ether  

Surface water from industrial, urban and rural areas of Japan, 1988. A 
total of 147 samples analysed. Detection limit of method was 0.07 
μg/l. Few other details are available. 

Not detected (<0.07 
μg/l) 

Environment 
Agency Japan, 
1991 

Nonabromodiphenyl ether congeners 

BDE 206 Single surface water sample from immediately downstream of a 
waste water treatment plant receiving effluent from a commercial site 
using decabromodiphenyl ether, North Carolina, United States. 
Concentration read from a graph. Few other details are available. 

~0.5 μg/l La Guardia et 
al., 2003 
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BDE 207 Single surface water sample from immediately downstream of a 
waste water treatment plant receiving effluent from a commercial site 
using decabromodiphenyl ether, North Carolina, United States. 
Concentration read from a graph. Few other details are available. 

~0.026 μg/l La Guardia et 
al., 2003 

Decabromodiphenyl ether 

Upstream water 
samples 

Not detected to 
0.015 μg/l 

Downstream 
water samples 

Not detected 
(<0.005 μg/l) 

Upstream 
suspended 
sediment 
samples 

Not detected 
(<0.005 μg/l) 

BDE 209 Surface water near to a former PBDE production 
site in the UK. Samples taken in March 2002. 
Samples were filtered (0.45 μm) before analysis 
and the concentration in both the dissolved 
phase and suspended sediment was determined. 
Samples taken upstream and downstream of 
discharge point from the sewage treatment plant 
(two samples per location). The detection limit 
was 0.005 μg/l for both the dissolved phase and 
the suspended sediment phase. 

Downstream 
suspended 
sediment 
samples 

Not detected 
(<0.005 μg/l) 

Environment 
Agency, 2002; 
EC, 2002 

BDE 209 Surface water from Japan, 1977. A total of 15 samples analysed. 
Detection limit of method was between 0.2 and 2.5 μg/l. Few other 
details are available. 

Not detected (<0.2 
to <2.5 μg/l) 

Environment 
Agency Japan, 
1991 

BDE 209 Surface water from industrial, urban and rural areas of Japan, 1987. A 
total of 75 samples analysed. Detection limit of method was 0.1 μg/l. 
Few other details are available. 

Not detected (<0.1 
μg/l) 

Environment 
Agency Japan, 
1991 

BDE 209 Surface water from industrial, urban and rural areas of Japan, 1988. A 
total of 141 samples analysed. Detection limit of method was 
0.06 μg/l. Few other details are available. 

 

Not detected (<0.06 
μg/l) 

Environment 
Agency Japan, 
1991 
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BDE 209 Samples from the Kino River, Japan. A total of 12 samples were 
analysed. Few other details are available. 

Not detected (<0.1 
μg/l) 

Yamamoto et 
al., 1991; WHO, 
1994 

BDE 209 Water from a creek receiving stormwater from an urban area in 
Helsinki, Finland. A single sample was collected in 2000. The 
detection limit of the method was 0.02 μg/l. The method determined 
the total (dissolved plus particulate) concentration. 

0.4 μg/l Peltola, 2002 

BDE 209 Single surface water sample from immediately downstream of a 
waste water treatment plant receiving effluent from a commercial site 
using decabromodiphenyl ether, North Carolina, United States. Few 
other details are available. 

10 μg/l La Guardia et 
al., 2003; ECB, 
2004 

BDE 209 Surface water from Lake Mjøsa, Norway. A total of four samples were 
collected in 2004 (a sample was collected at a depth of 5 m and 25 m 
on two consecutive days). The detection limit of the method was 
20 pg/l (0.00002 μg/l). 

Not detected 
(0.00002 μg/l) 

Breivik et al., 
2005 

BDE 209 Samples of water from five rivers inputting into Lake Mjøsa, Norway. 
The samples were collected from near to sewage treatment plants (it 
is not altogether clear if the samples were effluents from the treatment 
plants or samples from the rivers). BDE 209 was detected in three out 
of the five samples at 0.23-0.65 ng/l (0.00023-0.00065 μg/l). The 
detection limit for the method used was between <0.08 ng/l and 
<0.15 ng/l). Few other details are available. 

Not detected to 
0.00065 μg/l. 

Snilsberg et al., 
2005; Breivik et 
al., 2005 

BDE 209 Samples of surface water (creek and lake water) taken from seven 
sites within the watershed basin of Lake Tahoe during March and 
April 2006. BDE 209 was not detected in any sample. The detection 
limit of the method used was not given but it was indicated that it was 
relatively high owing to the background levels observed in the 
laboratory method blanks. Few other details are available. 

 

Not detected Rainey et al., 
2006 
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Tetrabromobisphenol-A (TBBPA) 

TBBPA Water from a creek receiving stormwater from an urban area in 
Helsinki, Finland. A single sample was collected in 2000. The 
detection limit of the method was 0.2 μg/l. The method determined the 
total (dissolved plus particulate) concentration. 

Not detected (<0.2 
μg/l) 

Peltola, 2002 

Upstream 
samples 

Not detected to 
0.020 μg/l 

TBBPA Receiving water from upstream and downstream 
of waste water treatment plants from Baden-
Württemberg, German. TBBPA was detected in 
four out of 14 upstream samples at a 
concentration of 0.8-20 ng/l (0.0008-0.020 μg/) 
and in three out of 15 downstream samples at a 
concentration of 1.1 to 18.8 ng/l 
(0.001-0.019 μg/l). The detection limit of the 
method used was 0.2 ng/l (0.0002 μg/l). 

Downstream 
samples 

Not detected to 
0.019 μg/l 

Kuch et al., 
1991 

TBBPA Surface water from Japan, 1977. A total of 15 samples analysed and 
TBBPA was not detected in any sample. Detection limit of method 
was between 0.02 and 0.04 μg/l. Few other details are available. 

Not detected (<0.02 
to <0.04 μg/l) 

Environment 
Agency Japan, 
1996 

TBBPA Surface water from industrial, urban and rural areas of Japan, 1987. A 
total of 75 samples analysed and TBBPA was detected in only one of 
these samples at 0.05 μg/l. Detection limit of method was 0.03 μg/l. 
Few other details are available. 

Not detected to 0.05 
μg/l 

Environment 
Agency Japan, 
1996; Watanabe 
and Tatsukawa, 
1989 

TBBPA Surface water from industrial, urban and rural areas of Japan, 1988. A 
total of 150 samples analysed and TBBPA was not detected in any 
sample. Detection limit of method was 0.04 μg/l. Few other details are 
available. 

Not detected (<0.04 
μg/l) 

Environment 
Agency Japan, 
1996 

Note:  The naming of the PBDEs commonly uses the numbering system generally used for polychlorinated biphenyls (PCBs) to indicate 
the number and location of bromine atoms within the molecule.  

 BDE 15 = 4,4’-dibromodiphenyl ether 
 BDE 28 = 2,4,4’-tribromodiphenyl ether  
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 BDE 47 = 2,2’,4,4’-tetrabromodiphenyl ether 
 BDE 66 = 2,3’,4,4’-tetrabromodiphenyl ether 
 BDE 85 = 2,2’,3,4,4’-pentabromodiphenyl ether 
 BDE 99 = 2,2’,4,4’,5-pentabromodiphenyl ether 
 BDE 100 = 2,2’,4,4’,6-pentabromodiphenyl ether 
 BDE 138 = 2,2’,3,4,4’,5’-hexabromodiphenyl ether 
 BDE 153 = 2,2’,4,4’,5,5’-hexabromodiphenyl ether 
 BDE 154 = 2,2’,4,4’,5,6’-hexabromodiphenyl ether 
 BDE 183 = 2,2’,3,4,4’,5’,6-heptabromodiphenyl ether 
 BDE 196 = 2,2’,3,3’,4,4’,5,6’-octabromodiphenyl ether 
 BDE 203 = 2,2’,3,4,4’,5,5’,6-octabromodiphenyl ether 
 BDE 206 = 2,2’,3,3’,4,4’,5,5’,6-nonabromodiphenyl ether 
 BDE 207 = 2,2’,3,3’,4,4’,5,6,6’-nonabromodiphenyl ether 
 BDE 209 = decabromodiphenyl ether 
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The available data for surface waters generally show that although BFRs are sometimes found to be 
present in such waters, particularly close to sites of release such as BFR production sites, the levels found 
are generally very low (up to around 1-2 μg/l but frequently lower than this level). The levels found in 
samples analysed from areas away from such sites of release are generally <<1 μg/l, and often not 
detectable. Few data are available for ground water. 

The findings of only very low levels of BFRs in surface waters are to be expected given the physico-
chemical properties of many BFRs. These properties are such that many BFRs have very low water 
solubilities and are expected to adsorb strongly onto sediments and so would readily partition from the 
dissolved phase to the sediment phase in surface waters. It is worth noting that, where the dissolved and 
suspended particulate phases have been analysed separately, most BFRs (when detectable) are 
associated with the suspended matter. This is an important finding in relation to the likelihood of removal 
during subsequent treatment of the surface water to produce drinking water. 

It is important to note here that data are available for only relatively few BFRs, notably HBCDD, the PBDEs 
and TBBPA. These are the BFRs that are used in the largest amounts in England and Wales (and the EU 
in general) and so much of the research effort so far has concentrated on these substances. There are, 
however, many other BFRs in commercial use, and some of these may have physico-chemical properties 
(and hence partitioning behaviour between water and sediment) that differ from the main BFRs studied so 
far. 

Analytical methodologies for brominated flame retardants in water 

Examples of analytical methods that have been used to analyse brominated flame retardants at ng/l levels 
in various water matrices, including drinking water, are summarised in Table 3. 

Several of the more recent methods have used stir bar sorptive extraction in order to achieve detection 
limits in the low ng/l range. A review of this technique has recently been published by Sánchez-Rojas et al. 
(2008). 

In addition to these, López et al. (2008) has investigated various methods for the determination of phenolic 
brominated flame retardants (including by-products, intermediates and decomposition products) in water. 
The study concluded that solid phase extraction combined with gas chromatograph/mass spectrometry is 
the most sensitive and reliable method for determination of a range of brominated flame 
retardants/degradation products including; bromotoluenes, bromophenols, bromoanisoles and 
bromoanilines. Detection limits in the range 10 to 235 ng/l were achievable. 

It should be noted that as several brominated flame retardants are present in electrical equipment, some 
building materials and dust (notably the polybrominated diphenyl ethers, tetrabromobisphenol-A and 
hexabromocyclododecane), contamination of samples in the laboratory can occur. In addition, degradation 
of some brominated flame retardants (notably decabromodiphenyl ether) can occur by exposure to UV-light 
or under the conditions used in gas chromatography. As a result the regular analysis of laboratory blank 
samples during the analysis for brominated flame retardants is usually recommended, along with rigorous 
quality assurance procedures (e.g. see the reviews by de Boer and Wells (2006) and van Leeuwen and de 
Boer (2008)). 
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Table 3  Examples of analytical methods for brominated flame retardants in watera 

Substance Method Matrices 
analysed 

Detection limit Reference 

Polybrominated diphenyl 
ethers (tetra- to 
nonabrominated 
congeners) 

Stir bar sorptive 
extraction, liquid 
desorption, large 
volume injection 
GC/MS. 

Waste water/ 
landfill leachate 

0.3-29 ng/l Serôdio et al., 
2007 

Polybrominated diphenyl 
ethers (tri- to 
hexabrominated 
congeners) 

Stir bar sorptive 
extraction, 
thermal 
desorption 
GC/MS. 

Surface water  0.3-9.6 ng/l 
(method detection 
limits) 

1.0-32 
(quantification 
limits) 

Llorca-Porcel et 
al., 2006 

Polybrominated diphenyl 
ethers and polybrominated 
biphenyls (tri- to 
hexabrominated 
congeners) 

Stir bar sorptive 
extraction, 
thermal 
desorption 
GC/MS. 

Sea water 1.1-6.0 ng/l Prieto et al., 
2008 

Polybrominated diphenyl 
ethers (di- to 
heptabrominated 
congeners) 

Hollow-fibre 
microporous 
membrane liquid-
liquid extraction, 
GC/MS 

Tap water 

River water 

Landfill leachate 

0.2-0.9 ng/l 
(method detection 
limits) 

0.8-2.9 ng/l 
(quantification 
limits) 

Fontanals et al., 
2006 

Polybrominated diphenyl 
ethers (tri- to 
decabrominated) 

Solvent 
extraction, GC/MS 

Lake water Not clear but 
appear to be in 
the pg/l range 

Rainey et al., 
2006 

Polybrominated diphenyl 
ethers (tetra- to 
decabrominated) 

 

 

 

 

 

GC/MS Surface water Not clear La Guardia et al., 
2003 
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Substance Method Matrices 
analysed 

Detection limit Reference 

Polybrominated diphenyl 
ethers (tetra- to 
decabrominated), 
tetrabromobisphenol-A 
and 
hexabromocyclododecane 

Soxhlet extraction 
with acetone 
(suspended 
solids) or solvent 
(hexane) 
extraction of the 
water phase, 
silica gel column 
and aluminium 
oxide column 
clean up, 
GC/ECD 

Water from a 
creek 

20 ng/l (TBBPA) 

5,000 ng/l 
(HBCDD) 

1 ng/l (BDE47, 
85, 99, 100 and 
153) 

20 ng/l (BDE 209) 

Peltola et al., 
2002 

Polybrominated diphenyl 
ethers (tetra and 
pentabrominated) and 
tetrabromobisphenol-A. 

Solvent extraction 
(heptane) for 
PBDEs, 
methylation and 
solvent extraction 
for TBBPA, 
GC/MS 

Surface water 0.2 ng/l (PBDEs) 

0.2 ng/l (TBBPA) 

Kuch et al., 2001 

Hexabromocyclododecane GC/MS Surface water 50 ng/l Deuchar, 2002; 
ECB, 2007a 

Bromotoluenes, 
bromophenols, 
bromoalkanes, 
bromoanisoles and 
bromoanilines 

Solid phase 
extraction, GC/MS 
with negative 
ionisation (ECNI) 

Estuary water 10 to 235 ng/l López et al., 
2008 

Brominated phenols and 
tetrabromobisphenol-A 

Solid phase 
microextraction 
with in situ 
acetylation, 
GC/MS 

Drinking water 1.3-46 ng/l Polo et al., 2006 

Notes: GC/MS – gas chromatography with mass spectrometry 
 GC/ECD – gas chromatography with electron capture detector 

a) Few details of the extraction method and analytical method used in the other studies reported in 
Table 1 and Table 2 are available. 
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Identification of flame retardants that may give rise to contamination of water 
sources in England and Wales 

Past and present usage of brominated flame retardants in England and Wales 

Objective 2 of this study was to establish the past and present usage of BFRs within England and Wales 
and to identify which of these activities, if any, may give rise to high environmental contamination. To this 
end a survey of the various BFRs that may be in use within England and Wales has been carried out. This 
was based on the following sources of information. 

• Environmental Health Criteria 192. Flame retardants: A general introduction (WHO, 1997). This 
review compiled a list of flame retardants that were either in current use worldwide, or had been 
used in the past, based on a number of sources. For the flame retardants thought to be in current 
use, this report identifies the approximate tonnage used worldwide (given in the following bands: 
high production volume (≥5,000 tonnes/year), moderate production volume (1,000-5,000 
tonnes/year) or low production volume (<1,000 tonnes/year)), an indication of the main application 
or main types of polymer in which the flame retardant is thought to be used used and, in some 
cases, an indication as to whether the substance is likely to be used as an additive flame retardant 
or a reactive flame retardant. This latter information is important in assessing the potential for 
release to the environment and hence occurrence in water sources (see below). 

• Prioritisation of flame retardants for environmental risk assessment (Fisk et al., 2003). This report 
presented an overview of the use of flame retardants in the United Kingdom. It is worth noting that 
the authors of this report found that reliable information on the amounts of the flame retardants 
used within the United Kingdom could not be obtained in many cases. 

• The ESIS database. This contains details of the existing substances6 in commercial use, either 
produced or imported into the EU along with the tonnage range. The database contains information 
on both Low Production Volume (LPV) chemicals (these are produced or imported at quantities 
between 10 and 1,000 tonnes/year per company) and High Production Volume (HPV) chemicals 
(these are produced or imported at quantities of 1,000 tonnes/year and above per company).  

• A search of the internet. This included searching the webpages and available sales literature of the 
main suppliers of brominated flame retardants in the EU. 

• Direct contact with the main suppliers of brominated flame retardants in the UK. Contact was 
initially made with the Bromine Environmental Science Forum (BSEF) which represents the 
brominated flame retardants industry in scientific matters. This organisation indicated that they 
were not in a position to help with this project and recommended that the main suppliers be 
contacted directly. Contact was then made with representatives of the main 

                                                   
6 Existing chemicals in this context are those that were on the market before 1981. Chemicals placed on the 
market after this time are considered new chemicals and have to be notified before supply commences. 
This distinction has now been removed by the REACH regulation. 
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manufacturers/suppliers of BFRs. Some limited confidential information was obtained from one of 
these companies. 

This search identified a total of 85 candidate substances. These substances are listed in Appendix A. Of 
these, four products, decabromodiphenyl ether, tetrabromobisphenol-A, hexachlorocyclododecane and 
1,1’-(ethane-1,2-diyl)bis [pentabromobenzene] appear to be the main BFRs in current use. 

For many of the candidate substances it has not been possible to establish definitively whether these 
substances are in current use as flame retardants in England and Wales or the EU in general. In addition it 
is possible that some of the substances are used as intermediates to make flame retardants rather than 
used directly as flame retardants themselves. Further, for some substances, for example brominated 
phenols, there may be sources of release to the environment other than from use as a flame retardant (this 
is discussed further in relation to the overall conclusions of this work). This, therefore introduces some 
uncertainty into the subsequent estimates of the potential for the substances to occur in water sources. The 
general approach taken to estimate this potential is given in the following Sections. 

Methodology for identification of brominated flame retardants that may give rise to 
contamination of water soures 

The next stage was to identify which of the 85 substances identified above have the potential for current 
occurrence in water sources. A semi-quantitative screening approach has been used to identify which of 
the 85 candidate substances have the potential for current occurrence in water sources. The approach 
takes into account a number of factors that are important in considering whether a substance has a 
potential for occurrence in water sources. 

In this respect, it is important to distinguish between the use of additive flame retardants and the use of 
reactive flame retardants. 

• Additive flame retardants are physically added and dispersed within the polymer matrix, but they 
are not chemically bound to the polymer chain. Depending on the physico-chemical properties of 
the flame retardant they can therefore be susceptible to loss mechanisms such as volatilisation or 
leaching from the polymer during the lifetime of the flame retarded product. 

• Reactive flame retardants are chemically bound within the polymer matrix (and hence are not 
present as discrete molecules) and so have a very low (in many cases zero) potential for loss 
during the lifetime of the flame retarded product. However, there may be small amounts of 
unreacted flame retardant present in the final product that could be lost over the lifetime of the 
product. 

The typical amount of flame retardant that is used in many polymer types is generally between around 
5 and ten per cent by weight of the final polymer although both higher (up to around 20 per cent) and lower 
loadings may be used in some situations. 

A further method of introducing bromine-based flame retardancy into a polymer is by bromination of the 
polymer chain once it is formed, for example bromination of polystyrene (Fisk et al., 2003). Here the 
polymer itself is flame retarded and contains no free BFR additives. The potential for release to the 
environment, and hence occurrence in water sources, for this type of polymeric material is therefore very 
low. 
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The following criteria have been used to judge if a substance has a low, moderate or high potential for 
occurrence in water sources. It is important to note here that the terms low, moderate and high are used in 
terms of whether the substance is likely to be detectable by sensitive analytical methodologies in water 
sources, and only indicates a potential for possible detection rather than a likelihood of occurrence. The 
screening approach is designed to be conservative. 

Low potential:   

- no significant current and historical use (nominally <1 tonne/year) or 

- additive flame retardant with no current but significant historical use and low water solubility 
(<1×10-4 mg/l), low vapour pressure (<1×10-5 Pa) and high log Kow (>6) or 

- reactive flame retardant with no current but significant historical use or 

- reactive flame retardant in current use and low water solubility (<1×10-4 mg/l), low vapour pressure 
(<1×10-5 Pa) and high log Kow (>6) or 

- polymeric flame retardants. 

Moderate potential: 

- additive flame retardant in current use and low water solubility (<1×10-4 mg/l), low vapour pressure 
(<1×10-5 Pa) and high log Kow (>6) or 

- additive flame retardant with no current but significant historical use and moderate or high water 
solubility (>1×10-4 mg/l), moderate or high vapour pressure (>1×10-5 Pa) or low or moderate log 
Kow (<6) or 

- reactive flame retardant in current use and moderate water solubility (1×10-4-0.1 mg/l), moderate 
vapour pressure (1×10-5-1×10-3 Pa) or moderate log Kow (4-6). 

High potential: 

- additive flame retardants in current use and moderate or high water solubility (>1×10-4 mg/l), 
moderate or vapour pressure (>1×10-5 Pa) or low or moderate log Kow (<6) or 

- reactive flame retardant in current use and high water solubility (>0.1 mg/l), high vapour pressure 
(>1×10-3 Pa) or low log Kow <4. 

The basis behind these criteria is outlined below. 

If the substance is not in current use, this will reduce the potential for occurrence in water sources. 
However, it also needs to be recognised that articles containing the substance produced several years ago 
could still be in use, and so there is a potential for additive (but not reactive) flame retardants still to be 
released in significant amounts from such articles. In cases where it is unclear whether or not there is a 
current use in England and Wales, a current use has been assumed (conservative approach). 

Three physico-chemical properties are important when considering the potential for release to the 
environment and removal during various treatment processes. These are water solubility, vapour pressure 
and the octanol-water partition coefficient. 



32 Brominated flame retardants - risks to UK drinking water sources  
 

 
BRE Client report number 242844  
Commercial in confidence 

© Building Research Establishment Ltd 2009  
 

 

Water solubility is an important consideration as it is a measure of the potential for substance leaching from 
a polymer in use and is also a factor in determining the concentration that could be present in water 
sources (for example the concentration in a water source can never exceed the water solubility). For this 
exercise the following water solubility bands were considered. A low solubility of <1×10-4 mg/l (i.e. 0.1 μg/l) 
was chosen as this represents the approximate lower limit of the concentration in water that can routinely 
be measured without the use of specialist sampling and analytical techniques. The terms moderate and 
high should be seen in context to this value rather than in absolute terms of solubility.  

 Water solubility  high   >0.1 mg/l 

    moderate 1×10-4 mg/l to 0.1 mg/l 

    low  <1×10-4 mg/l 

Vapour pressure is an indicator of the potential for loss by volatilisation during both processing of the 
polymer (where the flame retardant is added) and from the flame-retarded polymer in use. Substances that 
are lost by volatilisation could subsequently enter water courses by rain-out etc. The ranges chosen in the 
screening exercise reflects the range of values found for brominated flame retardants in general. 

 Vapour pressure high  >1×10-3 Pa 

    moderate 1×10-5 to 1×10-3 Pa 

    low  <1×10-5 Pa 

The octanol-water partition coefficient is a measure of the hydrophobicity of the substances and is a useful 
predictor for whether or not the substance is likely to adsorb strongly onto particulate matter/sediment in 
water, and hence whether the substance is likely to be found in the dissolved phase or not. The following 
ranges were used in the screening exercise. 

 Log Kow  high  >6 

    moderate 4-6 

    low  <4 

The physico-chemical data used in the screening exercise were either taken from published risk 
assessment reports, from the EPI SuiteTM database7, or where no experimental value was found, were 
estimated from structure using the EPI Suite program.  

The available physico-chemical data are summarised for each substance in the summary sheets in 
Appendix A. As well as the physico-chemical data the summary sheets also give information on the 
potential for degradation and removal from waste water and/or drinking water (based mainly on estimates 
or expert judgement). Such information is important for the qualitative estimation of the likely concentrations 
in water sources that is carried out in the next Section of this report. Details of how this degradation and 
removal information has been obtained or estimated are given below. The approach used is based partly 
on the Technical Guidance Document (TGD) for risk assessment of new and existing chemicals (EC, 

                                                   
7 EPI (Estimation Programs Interface) Suite Version 3.12. United States Environmental Protection Agency 
Office of Pollution Prevention and Toxics and Syracuse Research Corporation. 
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2003b) and the EUSES8 program. Many of these methods and concepts have been incorporated into the 
technical guidance that has been produced for REACH9. 

The atmospheric half-life in air has been calculated using the estimated rate constant for reaction with 
hydroxyl radicals from the EPI Suite and an assumption that the average concentration of hydroxyl radicals 
in the atmosphere is 5×105 molecules/cm3. This same assumption is used in the EUSES/TGD. 

Only very limited information is available on the potential for brominated flame retardants to biodegrade in 
the environment. Detailed risk assessments have been carried out for several brominated flame retardants, 
notably HBCDD, TBBPA, PentaBDE, OctaBDE, DecaBDE and Ethane-1,2-bis(pentabromophenyl) 
(decabromoethane). These assessments considered the available data and concluded that none of these 
brominated flame retardants are considered to be readily biodegradable under aerobic conditions, although 
there are indications that HBCDD and TBBPA can undergo degradation in the environment under certain 
conditions. 

For the other substances considered in this review, there is little or no information available on the 
biodegradation potential. Such information is important for this study as it is likely that one source of release 
to the environment is in effluent and waste water streams (for example from industrial plants or from offices 
and households etc. where plastics and textiles containing brominated flame retardants may be present). 
Such effluents streams will generally pass through a waste water treatment plant before reaching surface 
water and so it is important to understand how much of the brominated flame retardant present in such 
streams will be removed by biodegradation during waste water treatment. In addition, substances that 
biodegrade rapidly will be degraded substantially in the receiving surface water, again lowering the potential 
for the substance to reach drinking water derived from such sources. 

In order to assess the importance of biodegradation to the behaviour of brominated flame retardants during 
waste water treatment, and in the environment as a whole, predictions have been made of the potential for 
biodegradation using the BIOWINTM v4.02 estimation software that is part of the USEPA EPI Suite. This 
program is widely used for the estimation of biodegradation data and contains six estimation methods. 

  Linear model (Biowin 1) 

  Non-linear model (Biowin 2) 

  Ultimate biodegradation timeframe model (Biowin 3) 

  Primary biodegradation timeframe model (Biowin 4) 

  MITI Linear model (Biowin 5) 

  MITI Non-linear model (Biowin 6) 

Based on the results of these estimation methods the program gives an overall ready biodegradation 
prediction (either yes or no). 
                                                   
8 EUSES is the European Union System for Evaluation of Substances and follows closely the methodology 
given in the TGD. Version 2.0.3 of EUSES has been used for this work. 
9 Regulation (EC) No. 1907/2006 of the European Parliament and of the Council concerning the 
Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH). The technical guidance for 
REACH was finalised only at a late stage in this project and so the earlier TGD for new and existing 
substance (EC, 2003b) has been used for this work. 
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The TGD gives guidance on how best to use the results from these predictions to identify which chemicals 
are likely to persist in the environment as follows. 

 Non-linear model prediction (Biowin 2): does not biodegrade fast (<0.5) or 

MITI non-linear model prediction (Biowin 6): not readily degradable (<0.5) and ultimate 
biodegradation timeframe prediction (Biowin 3): ≥months (<2.2). 

For the purposes of the current screening exercise we wish to identify those chemicals that potentially 
biodegrade rapidly as well as those that are persistent. Therefore the following approach has been taken 
here (based on the approach used in EC (2003b)).  

Predicted results Assumption on biodegradation used  

Overall ready biodegradation prediction: yes and 
ultimate biodegradation timeframe prediction 
(Biowin 3): weeks or shorter (≥2.7). 

Readily biodegradable 

Overall ready biodegradation prediction: no but 
ultimate biodegradation timeframe prediction 
(Biowin 3): weeks – months or shorter (≥2.2) or 
primary biodegradation timeframe prediction (Biowin 
4): days – weeks or shorter (≥3.2). 

Inherently biodegradable 

Non-linear model prediction (Biowin 2): does not 
biodegrade fast (<0.5) or 

MITI non-linear model prediction (Biowin 6): not 
readily degradable (<0.5) and ultimate 
biodegradation timeframe prediction (Biowin 3): 
≥months (<2.2). 

Not readily or inherently biodegradable 

 

The removal during biological waste water treatment has been estimated using the waste water treatment 
plant model within the EUSES program. This estimates the removal by adsorption to sludge, 
biodegradation and loss by volatilisation using basic physico-chemical properties and knowledge of whether 
the substance is readily biodegradable, inherently biodegradable or not readily or inherently biodegradable. 
The following criteria were used in the summary of the data in Appendix A. 

Removal during biological  low  <50% removal 
waste water treatment 

     moderate 50-90% removal 

     high  >90% removal 

As well as biological waste water treatment, the summary sheets in Appendix A give an assessment for the 
removal during treatment of drinking water by processes such as filtration and UV radiation. This removal 
can only currently be estimated in a qualitative fashion. For removal during filtration (e.g. granular activated 
carbon (GAC), membrane etc.), the following approach based on the log Kow has been used. The 
assumption here is that filtration will be more effective for the more hydrophobic chemicals than the more 
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hydrophilic chemicals10. This is likely to be true particularly if the filtration is carried out in conjunction with 
adsorbents such as activated carbon. 

 Removal during filtration  Not likely to be effective  log Kow <2 

     Not clear   log Kow 2-4 

     Likely to be effective  log Kow >4 

The likelihood of removal by UV radiation is more difficult to estimate, even qualitatively. It is known, for 
example, that several highly brominated flame retardants can be degraded by UV radiation (for example 
decaBDE; see EC (2002) and ECB (2004 and 2007c). However the extent of degradation is difficult to 
predict. Further, the mechanism of degradation appears to involve loss of bromine atoms from the 
molecule, leading in the case of decaBDE, to the possible formation of lower brominated polybrominated 
diphenyl ethers (and also possibly other brominated products). In the summary sheets, it has been 
assumed that the highly brominated aromatic structures are likely to be susceptible to degradation with UV 
radiation. 

Another possible degradation mechanism during the treatment of drinking water that should be considered 
results from the use of oxidants (for example treatment with ozone). However, there appears to be little 
information available on such reactions for brominated flame retardants in water and so it is currently not 
possible to estimate the potential for removal by such mechanisms. 

Results of screening for substances with potential for occurrence in water sources 

The results of the screening evaluation are summarised in the Tables below. These have been split into 
those substances considered to have a high (Table 4), medium (Table 5) and low (Table 6) potential for 
current occurrence in water sources based on the criteria outlined in the previous Section. Details of the 
reasoning for each substance are given in the summary sheets in Appendix A. 

                                                   
10 Hydrophobic chemicals are likely to be associated with the suspended particulate matter and, in addition, 
would be expected to show a high affinity for adsorbents such as activated carbon, and so would be 
expected to be readily removed by filtration. 



36 Brominated flame retardants - risks to UK drinking water sources  
 

 
BRE Client report number 242844  
Commercial in confidence 

© Building Research Establishment Ltd 2009  
 

 

Table 4  Substances identified with a high potential for occurrence in water sources 

Summary Number CAS Name 

Summary 6 (along with 
Summary 10) 

79-94-7 (along with 
37853-61-5) 

Tetrabromobisphenol-A (along with 
tetrabromobisphenol-A dimethyl ether) 

Summary 8 4162-45-2 Tetrabromobisphenol-A bis-(2-hydroxyethylether) 

Summary 14 39635-79-5 Tetrabromobisphenol-S 

Summary 16 3296-90-0 Dibromopentylglycol 

Summary 17 36483-57-5 Tribromoneopentylalcohol 

Summary 18 593-60-2 Vinylbromide 

Summary 19 3278-89-5 Tribromophenyl allyl ether 

Summary 20 59447-55-1 Pentabromobenzyl acrylate 

Summary 21 87-83-2 Pentabromotoluene 

Summary 22 3234-02-4 2,3-Dibromo-2-butene-1,4-diol 

Summary 24 (and 
Summary 23) 

615-58-7 2,4-Dibromophenol 

Summary 25 (and 
Summary 23) 

118-79-6 2,4,6-Tribromophenol 

Summary 26 (and 
Summary 23) 

608-71-9 Pentabromophenol 

Summary 27 37853-59-1 1,2-Bis(2,4,6-tribromophenoxy)ethane 

Summary 28 25357-79-3 Tetrabromophthalic acid Na salt 

Summary 29 (and 
Summary 41 and 
Summary 79) 

20566-35-2 (and 
20566-35-2 and 
77098-07-8) 

Tetrabromophthalic acid diol (and diester of 
tetrabromophthalic acid and 1,2-
benzenedicarboxylic acid, 3,4,5,6-tetrabromo-, 
mixed esters with diethylene glycol and propylene 
glycol) 

Summary 30 632-79-1 Tetrabromophthalic anhydride 

Summary 36 25637-99-4 Hexabromocyclododecane 

Summary 37 3322-93-8 1,2-Dibromo-4-(1,2-dibromomethyl) cyclohexane 

Summary 38 41291-34-3 or 
52907-07-0 

Ethylene-bis(5,6-dibromonorbornane-2,3-
dicarboximide) 
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Summary Number CAS Name 

Summary 40 52434-59-0 1,3,5-tris(2,3-dibromo-propoxy)-2,4,6-triazine 

Summary 42 68527-01-5 Bromo-chlorinated paraffins 

Summary 43 49690-63-3 Tris(2,4-dibromophenyl) phosphate 

Summary 45 125997-20-8 Chlorinated brominated phosphate ester 

Summary 80 84852-53-9 Ethane-1,2-bis(pentabromophenyl) 

 

Table 5  Substance identified with a moderate potential for occurrence in water sources 

Summary Number CAS Name 

Summary 3 1163-19-5 Decabromodiphenyl ether 

Summary 4 (along with 
Summary 55) 

32536-52-0 Octabromodiphenyl ether 

Summary 5 (along with 
Summary 55) 

32534-81-9 Pentabromodiphenyl ether 

Summary 7 21850-44-2 Tetrabromobisphenol-A bis-(2,3-
dibromopropylether) 

Summary 12 and 
Summary 13 

71342-77-3 and 
94334-64-2 

Tetrabromobisphenol-A diglycidyl ether carbonate 
oligomer 

Summary 15 32588-76-4 N,N’-Ethylene-bis(tetrabromophthalimide) 

Summary 32 58965-66-5 Tetradecabromodiphenoxybenzene 

Summary 44 19186-97-1 Tris(tribromoneopentyl) phosphate 

Summary 49 85-22-3 Pentabromoethylbenzene 

Summary 50 23488-38-2 Tetrabromoxylene 

Summary 51 35109-60-5 2,4,6-Tribromophenoxy-2,3-dibromopropane 

Summary 52 87-82-1 Hexabromobenzene 

Summary 53 59536-65-1 and 
67774-32-7 

Hexabromobiphenyl 

Summary 57 87-84-3 Pentabromochlorocyclohexane 

Summary 58 126-72-7 Tris(2,3-dibromopropyl) phosphate 
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Summary Number CAS Name 

Summary 59 5412-25-9, 66519-18-4, 
64864-08-0, 36711-31-6, 
and 34432-82-1 

Bis(2,3-dibromopropyl) phosphate and salts 

Summary 64  Trichloromethyl tetrabromobenzene 

Summary 65  Pentabromophenyl benzoate 

Summary 66  1,4-Bis(bromomethyl)-tetrabromo benzene 

Summary 67 7415-86-3 Bis-(2,3-dibromo-1-propyl) phthalate 

Summary 68 1837-91-8 Hexabromocyclohexane 

Summary 69 40703-79-5 5,6-dibromohexahydro-2-phenyl-4,7-methano-1H-
isoindole-1,3(2H)-dione 

Summary 73  Bis(1,3-dichloro-2-propyl)-(3-chloro-2,2-
dibromomethylpropyl) phosphate 

Summary 78 26040-51-7 Phthalic acid, tetrabromo-bis(2-ethylhexyl) ester 

Summary 83 3072-84-2 Brominated epoxy 

Summary 84 25713-60-4 2,4,6-Tris(2,4,6-tribromophenoxy)-1,3,5-triazine 

 

Table 6 Substances identified with a low potential for occurrence in water sources or not 
relevant for this study 

Summary Number CAS Name 

Summary 1 13654-09-6 Decabromobiphenyl 

Summary 2 61262-53-1 Benzene, 1,1'- 1,2-ethanediylbis(oxy) bis 2,3,4,5,6-
pentabromo- 

Summary 9 25327-89-3 Tetrabromobisphenol-A bis-(allyl ether) 

Summary 11 32844-27-2 Tetrabromobisphenol-A diglycidyl ether epoxy 
oligomer 

Summary 20 59447-57-3 Polypentabromobenzyl acrylate 

Summary 31 68441-46-3 1,3-Butadiene homopolymer brominated 

Summary 33 69882-11-7 Poly(2,6-dibromophenylene oxide) 

Summary 34 57137-10-7 Poly(tribromostyrene) 
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Summary Number CAS Name 

Summary 35 148993-99-1 or 62354-
98-7 

Poly(dibromostyrene) 

Summary 39 171091-06-8 Dibromostyrene grafted polypropylene 

Summary 46  Bromine-, chlorine and  phosphorus-containing 
polyol 

Summary 47 19660-16-3 Dibromopropylacrylate 

Summary 48 109678-33-3 Tetrabromodipentaerythritol 

Summary 54 61288-13-9 Octabromobiphenyl 

Summary 56 66710-97-2 Tetrabromobisphenol A-bis-(2-ethylether acrylate) 

Summary 60  Tetrabromo-2,3-dimethylbutane 

Summary 61 147-82-0 2,4,6-Tribromoaniline 

Summary 62 3555-11-1 1-Pentabromophenoxy-2-propene 

Summary 63 20217-01-0 2,4-dibromophenylglycidyl ether 

Summary 70 51936-55-1 Hexachlorocyclopenta-dienyl-dibromocyclooctane 

Summary 71 18300-04-4 Dibromochlordene 

Summary 72  Tris(2,4,6-tribromophenyl) phosphate 

Summary 74  Chlorinated phosphonic acid ester condensate with 
tris-dibromo-propyl-iso-cyanurate 

Summary 75 26040-45-9 N-N'-Bis(tetrabromo phthalimide) 

Summary 76  Dibromoethyldibromocyclohexane 

Summary 77 12124-97-9 Ammonium bromide 

Summary 81 88497-56-7 Brominated polystyrene 

Summary 82  Physical blend of brominated polystyrene and a 
polyester resin 

Summary 85 68928-70-1 Brominated epoxy polymer 
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Fisk et al. (2003) lists a number of other substances that could be on the UK market and could be used as 
flame retardants. These are summarised in Table 7. However, it is possible that many of these substances 
are either intermediates used to manufacture other brominated flame retardants or are used for applications 
other than flame retardants, for example blowing agents. In some cases the actual identity of the substance 
is unclear (and so could in fact represent substances already reviewed). 

Table 7 Other substances suggested as possible flame retardants with use in the UK (Fisk et 
al., 2003) 

Name CAS Number Comment 

Benzene, 1,2-dibromoethyl- 93-52-7  

2,3-Dibromopropanol 96-13-9  

Dibromopropyl acrylate 1960-16-3  

Bromobutanoic acid 2623-87-2  

2-Bromohexanoic acid, methyl 
ester 

5445-19-2  

Brominated trimethylphenylindane 155613-93-7 May have been used in the past as a reactive 
flame retardant under the tradename/trade mark 
FR-1808. 

Brominated polyetherpolyol 68441-62-3  

2-Bromopropanoic acid 598-72-1  

2-Bromoproanoic acid, methyl 
ester 

5445-17-0  

Dibromotetrafluoroethane 124-73-2  

Octabromotriethylphenyl indane Not known Same as brominated trimethylphenylindane (CAS 
Number 155613-93-7) above. 

Pentabromoethane 75-95-6  

Tetrabromobenzoate Not known  

Tetrabromocyclooctane 3194-57-8  

Tribromochlorobisphenol-A Not known  

Tetrabromophthalate ester Not known  

1,1,2,2-Tetrabromoethane 79-27-6  

Tetrabromoethylene 79-28-7  
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Name CAS Number Comment 

Tribromoneopentyl phenol Not known  

Tribromoneopentyl phenol allyl 
ether 

Not known  

Tribromoneopentyl phenol 
maleimide 

Not known  

Tribromophenyl maleimide 59789-51-4 Appears to be the same substance has 
brominated trimethylphenylindane (CAS 155613-
93-7) above. May have been used in the past as a 
reactive flame retardant.  
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Legislation relevant to the current use of brominated flame retardants in England 
and Wales 

A number of legislative measures are in place that limit or restrict the use of certain brominated flame 
retardants. The most relevant legislation is summarised in Table 8. 

Table 8  Legislation affecting the use of brominated flame retardants 

Legislation Substance(s) affected Affect 

Council Directive 79/663/EEC (1st 
amendment to the Marketing and 
Use Directive 76/769/EEC) 

Tris(2,3-dibromopropyl) 
phosphate  

Use in textiles and garments 
prohibited. 

Council Directive 83/264/EEC (4th 
amendment to the Marketing and 
Use Directive 76/769/EEC) 

Polybromobiphenyls Use in textiles prohibited. 

Directive 2003/11/EC (24th 
amendment to the Marketing and 
Use Directive 76/769/EEC) 
implemented in England and 
Wales through Statutory 
Instrument 2004 No. 371. 

Pentabromodiphenyl ether 

Octabromodiphenyl ether 

Use in all applications prohibited. 

Directive 2002/95/EC (ROHS 
Directive) implemented in 
England and Wales through 
Statutory Instrument 2008 No. 37 
(revoking Statutory Instrument 
2006 No. 1463). 

Pentabromodiphenyl ether 

Octabromodiphenyl ether 

Decabromodiphenyl ether 

Polybromobiphenyls 

New electrical equipment placed 
on the market from the 1st of July 
2006 does not contain more than 
0.1% by weight in homogenous 
material. A temporary exception 
was made for decabromodiphenyl 
ether but since 1st July 2008 the 
0.1% limit also applies to this 
substances. As the flame 
retardants in question are not 
effective at 0.1% by weight this 
has effectively stopped their use 
in new electrical and electronic 
equipment. 
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Legislation Substance(s) affected Affect 

Pentabromodiphenyl ether Identified as an priority hazardous 
substance with the objective of 
cessation of emissions to the 
environment. 

Directive 2000/60/EC (Water 
Framework Directive) 
implemented in England and 
Wales through Statutory 
Instrument 2003 No. 3242. 

Octabromodiphenyl ether 

Decabromodiphenyl ether 

Identified as hazardous 
substances. Establishment of 
controls of emissions, discharges 
and losses to the environment 
and water quality standards. 

Regulation (EC) No 1907/2006 
(REACH) 

All brominated flame retardants 
(registration). 

Hexabromocyclododecane 
(possible authorisation) 

All brominated flame retardants 
(and chemicals in general) will 
need to be registered and the 
conditions for safe use 
determined. Certain substances 
of very high concern may only be 
used once authorised by the 
European Chemicals Agency. 
One brominated flame retardant, 
hexabromodiphenyl ether has, at 
this time, been identified11 as a 
substance of very high concern 
(based on its persistence, 
bioaccumulation and toxic (PBT) 
properties) and, if and when it is 
prioritised for inclusion on Annex 
XIV of REACH, use will only be 
allowed if an authorisation is 
granted based demonstration of 
adequate control of emissions 
and the lack of suitable 
alternatives.  

 

                                                   
11 The candidate list of substances of very high concern for authorisation can be found at 
http://echa.europa.eu/chem_data/candidate_list_table_en.asp. 

http://echa.europa.eu/chem_data/candidate_list_table_en.asp
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Quantitative assessment of potential for contamination of water sources 

A “realistic” worst case” approach has been used in order to carry out a quantitative assessment of the 
potential for contamination of water sources from the use of BFRs in England and Wales. The methodology 
used is based on the approaches that have been, or will be used in the future, under EU regulatory 
frameworks such as the Existing Substances Regulation (ESR)12, notification of new substances (NONS)13 
and REACH9

. 

The emission scenarios used are outlined below. These are derived from approaches that have been used 
to assess the risks to the environment, including man exposed via drinking water, for a number of 
brominated flame retardants, including pentabromodiphenyl ether (EC, 2000a), octabromodiphenyl ether 
(EC, 2003a), decabromodiphenyl ether (EC, 2002, ECB, 2004 and ECB, 2007c), tetrabromobisphenol-A 
(ECB, 2007b), hexabromocyclododecane (ECB, 2007a) and decabromodiphenyl ethane (Dungey and 
Akintoye, 2007) in national or international programs. The methodology follows closely the TGD for new 
and existing chemicals (EC, 2003b) and also the technical guidance that has been prepared for REACH9 
(ECHA, 2008). 

Emission scenarios 

Two broad categories of use of brominated flame retardants are considered. The first is use in polymers, 
including plastics, expanded polymers and rubbers. The second is in treatment of textiles. Not all 
brominated flame retardants are used for both applications and so only the relevant application(s) is/are 
considered for each brominated flame retardant based on the information summarised in Appendix A. 

The emission scenarios are generated by considering the following aspects. 

• The amount of flame retardant used on a site. This is related to the amount of polymer or textile 
treated at the site and the rate of application of the flame retardants. In general terms, most 
brominated flame retardants are used at rates between of around 5 and 10 per cent by weight of 
the polymer or textile. A figure of 10 per cent has been assumed in this evaluation and has been 
assumed to apply to both additive and reactive flame retardants. For the substances which are 
used as reactive flame retardants, the scenarios considered here apply after the substance has 
been reacted with monomers to form the plastic material. It is possible that not all of the flame 
retardant will react during the process (not all chemical reactions are 100 per cent efficient) and so 
any unreacted residual flame retardant may be available for loss. The amount of unreacted flame 
retardant will be small, and a nominal value of 0.3 per cent unreacted is assumed here. In some 
cases, use as both an additive and reactive flame retardant is indicated; for these substances 
calculations have been carried out for both. 

• An emission factor for release to waste water and air from the process. 

                                                   
12 Council Regulation (EEC) No. 793/93 on the evaluation and control of existing substances and 
Commission Regulation (EC) No. 1488/84/94 on risk assessment for existing substances. 
13 Commission Directive 93/67/EEC on risk assessment for new notified substances. 
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The emission scenarios developed in the following sections consider releases from both point sources (e.g. 
polymer processing sites, textile formulation and application sites) and diffuse sources. The amount of each 
brominated flame retardant used in England and Wales in the various applications is a key input into these 
scenarios. Unfortunately, with the exception of one or two flame retardants (notably decabromodiphenyl 
ether) very little quantitative information is available on the amounts used in England and Wales. In the 
absence of such data, the following approach has been taken. 

• Where the amount of flame retardant used in the EU is known (or an upper limit can be 
estimated), the amount used in England and Wales is taken as 10 per cent of the total EU 
amount. 

• Where the flame retardant is used in one or more types of polymer, the polymer use that 
leads to the highest emission during processing is assumed. 

• Where the flame retardant is used in both polymers and textiles the actual split between 
these two applications is used if known. In the absence of such information, a 50:50 split 
between the two applications is assumed. 

• In order to take into account the fact that in many cases, finished articles containing the 
brominated flame retardant could be imported into England and Wales and hence 
contribute to the total emissions over the service life and at disposal, the tonnage of flame 
retardant considered in these lifecycle steps has been increased by 20%. 

Polymer processing  
The emission scenario for polymer applications for brominated flame retardants is based on the generic 
emission information outlined in the emission scenario document for plastics additives OECD (2004). This 
gives estimates for the amount of various plastics that are likely to be used on a polymer processing site in 
the UK. These are summarised in Table 9. 

Table 9  Quantities of plastics processed at realistic worst case sites in the UK (OECD, 2004) 

Amount used on a site (Qpolymer) (tonnes/year) Polymer Polymer type 

Open Partially open Closed 

Low density polyethylene 
(LDPE) 

Thermoplastic  23,100 528 

High density polyethylene 
(HDPE) 

Thermoplastic  2,070 2,130 

Polypropylene Thermoplastic  8,880 1,610 
Rigid polyvinylchloride 
(PVC) 

Thermoplastic 988  2,010 

Flexible PVC Thermoplastic 744 3,990 341 
Polystyrene Thermoplastic 605 389 623 
Expanded polystyrene Thermoplastic 

 
  2,790 
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Amount used on a site (Qpolymer) (tonnes/year) Polymer Polymer type 

Open Partially open Closed 

Acrylonitrile-butadiene-
styrene (ABS) 

Thermoplastic 78  428 

Polyethylene terephthalate 
(PET) 

Thermoplastic 176  814 

Polyamides (nylons) Thermoplastic 39  181 
Acrylics Thermoplastic 55 207 28 
Acetals Thermoplastic  52 84 
Polycarbonates Thermoplastic  62 69 
Polyurethanes Thermosetting 

resin 
  804 

Unsaturated polyesters Thermosetting 
resin 

575  206 

Phenolic resins Thermosetting 
resin 

  121 

Amino resins Thermosetting 
resin 

  469 

Epoxy resins Thermosetting 
resin 

  80 

 

According to OECD (2004) the release during polymer processing can be considered to occur in two main 
stages, compounding and conversion. Compounding is a process where the various additives, including 
brominated flame retardants, are added to the polymer. Conversion is the process where the compounded 
polymer is processed into the finished articles. There are companies which specialise in compounding 
(known as compounders) but compounding is also carried out at some conversion sites. 

The conversion processes used depends on the type of polymer. Thermoplastic polymers are melted or 
softened before being formed into the required shape under pressure and then cooled. The thermoplastic 
properties of these types of polymer mean that the shaping process is reversible and so thermoplastic 
materials can be reshaped and reused. In contrast, thermosetting resins are converted into the final article 
by chemical cross-linking following the addition of heat and pressure. This chemical cross-linking means 
that the process is not reversible. 

The emission scenario model considered in OECD (2004) considers the following stages and these will 
also be considered here. 

• Raw materials’ handling. This is the initial handling of raw materials at the site and includes, for 
example, losses from emptying of bags etc. prior to the compounding process. 

• Compounding. This considers the emissions to the environment from the compounding process. 
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• Conversion. This considers the emissions to the environment from the conversion process. 
Different emission factors are used depending on whether the conversion stage is considered a 
closed process (e.g. extrusion, injection moulding, compression moulding, extrusion blow moulding 
or injection blow moulding) a partially-open process (e.g. film extrusion or extrusion coating) or an 
open process (e.g. thermoforming, calendaring and fibre reinforced plastic fabrication). In this 
respect closed processes are considered to be those in which the polymer is converted in almost 
completely enclosed systems, partially open process are those in which the material is exposed to 
the ambient environment (e.g. air) whilst at elevated temperature for some period during the 
process and open processes are those where the final articles are formed in an open environment 
exposed to ambient conditions for some period (but where emission controls may also be in use). 

• Service life. The emissions to the environment during the service life of the polymer. Such 
emissions are likely to be diffuse in nature. 

• Disposal. The emissions to the environment during final disposal of the polymer. 

The emission factors for the various lifecycle stages from OECD (2004) are summarised in Table 10. 

Table 10  Emission factors for polymer processing (OECD, 2004) 

Emission factor (as a percentage of amount of flame 
retardant used) 

Lifecycle step Substance 
properties 

Air Waste water Solid waste 

Powders of particle 
size <40 µM 

0% 0.6% 1.0% 

Powders of particle 
size >40 µm 

0% 0.2% 0.01% 

Raw materials’ 
handling 

Liquids 0% 0.01% 0% 

Low volatility class 
compounds 

0.001% 0.001% 0% 

Medium volatility 
class compounds 

0.005% 0.005% 0% 

Compoundinga 

High volatility class 
compounds 

0.025% 0.025% 0% 

Low volatility class 
compounds 

0.001% 0.001% 0% 

Medium volatility 
class compounds 

0.005% 0.005% 0% 

Conversiona – 
closed processes 

High volatility class 
compounds 

0.025% 0.025% 0% 
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Emission factor (as a percentage of amount of flame 
retardant used) 

Lifecycle step Substance 
properties 

Air Waste water Solid waste 

Low volatility class 
compounds 

0.003% 0.003% 0% 

Medium volatility 
class compounds 

0.015% 0.015% 0% 

Conversiona – 
partially open 
processes 

High volatility class 
compounds 

0.075% 0.075% 0% 

Low volatility class 
compounds 

0.005% 0.005% 0% 

Medium volatility 
class compounds 

0.025% 0.025% 0% 

Conversiona – 
open processes 

High volatility class 
compounds 

0.125% 0.125% 0% 

Notes:  a) The emission factors here were derived from data on a plasticiser (di-2-ethylhexylphthalate or 
DEHP). The volatility and solubility classes are considered relative to the vapour pressure and 
water solubility of DEHP (see text). 

The emission factors given in OECD (2004) are based on data for a plasticiser (di-2-ethylhexylphthalate or 
DEHP). Where substances have different vapour pressures (a measure of the potential for loss by 
volatilisation) the factors can be adjusted by considering a volatility class14 by comparison of the vapour 
pressure for the brominated flame retardant with that for DEHP. The comparison for vapour pressure 
should preferentially be carried out at the processing temperature of the polymer (typically around 200°C). 
However this is not possible for the brominated flame retardants in the current study as, in most cases, the 
only information on vapour pressure available is an estimate at 25°C. Therefore this comparison is based 
on the room temperature vapour pressured. In OECD (2004) DEHP is considered to be in the medium 
volatility class.  

The different volatility classes used in this analysis are summarised below. Although somewhat arbitrary, 
this approach does allow for the differences in the physico-chemical properties of the brominated flame 
retardants, and hence possible differences in potential for volatilisation, to be taken into account. The 
approach taken here is also consistent with the approach used in the initial screening exercise outlined 
earlier.  

                                                   
14 The relative volatility classification used here should not be confused with the more normal understanding 
of volatility applied to chemicals in general.  All brominated flame retardants have low vapour pressures at 
25°C. 
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       Volatility class    

DEHP (vapour pressure – 6.5×10-4 Pa at 20°C)  Medium    

Vapour pressure <1×10-5 Pa at 25°C   Low 

Vapour pressure 1×10-5 to 1×10-3 Pa at 25°C  Medium 

Vapour pressure >1×10-3 Pa at 25°C   High 

 

The emission factors given in OECD (2004) and reported in Table 10 relate to the processes where fume 
elimination equipment is in operation. OECD (2004) indicates that the factors should be increased by a 
factor of 10 for sites where such fume elimination equipment is not in place. For this assessment, it is 
assumed that fume elimination equipment is in now in place at most sites (the situation referred to in OECD 
(2004) relates to the mid-1990s), particularly for a large site as considered in the generic scenario below. 
For example, a Voluntary Emission Control and reduction Action Programme (VECAP) has been put in 
place by the major suppliers of decabromodiphenyl ether in the EU to ensure improved control of emissions 
from sites using decabromodiphenyl ether in polymer applications. As part of this program, surveys of sites 
using decabromodiphenyl ether have been undertaken. The preliminary data from these surveys are 
reported in ECB (2007a) and this indicated that at the beginning of 2005 at least 75% of the sites in the 
United Kingdom had air aspiration systems in place and 65% operated dust filters. The dust collected at 
55% was partly reprocessed with the balance being disposed of as chemical waste, and floor sweepings 
and spills were disposed of as chemical waste at all sites. 

Using this information, the realistic worst case emissions of any brominated flame retardant from a generic 
polymer compounding or conversion site can be estimated based on knowledge of the type of polymer in 
which the polymer is used, the content of the brominated flame retardant in the polymer (a constant value 
of 10% by weight is assumed in the analysis here), and the volatility class of the polymer (as defined by the 
vapour pressure) using the following equations15. 

days

polymer
polymer

air
air N

1000
100

F
Q

100
FElocal ×××=  

days

polymer
polymer

water
water N

1000
100

F
Q

100
FElocal ×××=  

where  Elocalair = Daily emission to air from the site (kg/day). 
  Elocalwater = Daily emission to waste water from the site (kg/day). 
  Fair = Percentage emitted to air from the process (Table 10). 
  Fwater = Percentage emitted to waste water from the process (Table 10). 
  Qpolymer = Amount of polymer used on the site (tonnes/year) (Table 9). 
  Fpolymer = Percentage of flame retardant in the final polymer (assumed 10% by weight). 
  Ndays = Number of days operation of the process per year (assumed 300). 

                                                   
15 For reactive flame retardants it has also been taken into account that the amount of unreacted (residual) 
flame retardant available for release is 0.3% of the amount used. 
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The total emission in England and Wales from this source can similarly be estimated based on the total 
amount of the brominated flame retardant used in England and Wales. 

Textile applications – additive flame retardants 
There are a number of possible methods for flame-retarding textiles, for example the textile can be 
impregnated with the flame retardant or the flame retardant can be backcoated onto the textile in a latex or 
polymer binder. The second of these methods is most commonly used for brominated flame retardants and 
the releases from this process have been considered previously for decabromodiphenyl ether (EC, 2002) 
and hexabromocyclododecane (ECB, 2007a). Brominated flame retardants may also be used in some 
synthetic carpets where they are incorporated into the polymer fibres, however incorporation into polymer 
fibres is covered by the previous section on polymer processing. 

The largest use of flame retardants in textile applications in the United Kingdom appears to be in upholstery 
and soft furnishing. EC (2002) estimates that around 95% of all upholstery materials are flame retarded (not 
all will be brominated flame retardants) in order to comply with the United Kingdom Furniture and 
Furnishing (Fire) (Safety) Regulations 1988. These regulations require furniture fillings and covers to meet 
certain performance requirements for ignition. EC (2002) indicates that a significant fraction of the flame 
retarded fabric used in the UK is produced in countries other than the UK for example, for 
decabromodiphenyl ether it was estimated that of the 1,000-1,500 tonnes used per year in domestic 
upholstery, around 80% was applied to the fabric by companies within the UK and 20% by companies 
outside of the UK. 

The flame-retarded textile industry can be broadly divided into three groups (EC, 2002). These are 
formulators (or compounders) who mix and manufacture the flame retardant formulation , finishers who 
apply the flame retardant coating to the back of the fabric and companies that mix their own flame retardant 
formulations and apply it to the fabric themselves (self compounders). EC (2002) also contains information 
on the number of sites where flame retardants are formulated or applied to textiles within the UK in the late 
1990s. At that time there were thought to be around three or four major compounders/self compounders 
and three or four smaller ones, along with around four importers of flame retardant formulations. The 
number of finishers in the UK was thought to be around twelve, four large contract coaters and six smaller 
ones who buy in textiles and apply the treatment as required, and two in-house weaver/coaters. 

The formulation process typically involves pre-mixing of the flame retardant (along with certain other 
additives) with water to form a dispersion (EC, 2002). The dispersion is then pumped to a storage tank from 
where it is piped directly to the mixing vessel and mixed with emulsion polymers. The final product is then 
discharged into drums, kegs tanks etc. 

EC (2002) reports that the main sources of release during the formulation of flame retardant textile 
treatments are thought to be from dust formation during the emptying of flame retardant powder into the 
pre-mixer and from washing out of the final formulation tanks. At major formulation sites it is thought that 
the flame retardant powder will be handled under local control ventilation (controls are generally in place to 
limit occupational exposure to antimony compounds which are frequently used as synergists with BFRs). 
The vast majority (estimated in EC (2002) to be >99%) of the dust that is collected is re-used within the 
process. It is possible that some dust may reach waste water from cleaning etc., however this is likely to be 
small compared with the potential losses from washing out of the formulation tanks. 

For the washing out of the final formulation tanks, EC (2002) estimates that a maximum of around 0.5% of 
the formulation could potentially be lost. The brominated flame retardant will typically make up around 15 to 
20% of the wet formulation, and so the loss of brominated flame retardant would be up to 0.1% of amount 
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of flame retardant used. It should be noted that any loss from this process is in the form of a viscous 
mixture with the latex or polymer and is likely to be removed by any solids extraction system present at a 
site prior to final discharge to sewer. However, according to EC (2002) it is not clear if such extraction 
systems are present at all sites and so, as a worst case approach, it is assumed that a maximum of 0.1% of 
the flame retardant used is released to sewer at the site. 

Based on this information, the emission to the environment from a textile treatment formulation site can be 
estimated using the following equation. 

days
retardant flamewater N

1000Q
100
0.1Elocal ××=  

where  Elocalwater = Daily emission to waste water from the site (kg/day). 
  Qflame retardant = Amount of flame retardant used on the site (tonnes/year). 
  Ndays = Number of days operation of the process per year (assumed 300). 
 
In this case the amount of flame retardant used on a site, and the number of days of operation of the 
process can be estimated based on the default methodology outlined in ECB (2003b). These estimates are 
based on knowledge of the tonnage used in a country or region. These values have been used in the 
assessment here. 
 
The total emission in England and Wales from this source can similarly be estimated based on the total 
amount of the brominated flame retardant used in England and Wales. 
 
In the backcoating process the flame retardant formulation is applied to the back of the textile by a running 
roll (EC, 2002). The coated textile then passes through an oven (130-140°C for a few seconds) where the 
water is driven off leaving behind a polymer coating containing the brominated flame retardant.  

EC (2002) indicates that losses of brominated flame retardant during the back coating process could occur 
during the initial set-up and washing down of the coating equipment between batches, and estimated that 
the total loss could be up to 1 kg of formulation between each batch. The wet formulation typically contains 
around 15-20% of brominated flame retardant and so the loss of brominated flame retardant between each 
batch would be around 0.15 to 0.2 kg. The frequency of this between batch loss is dependent on the length 
of the run, and EC (2002) estimates that this could vary between a few hours and a few days. The 
washings are usually collected for suitable disposal but at some sites these could be disposed of to drain. 

The estimation of the release of brominated flame retardants from a “typical” textile backcoating site is 
problematic as, based on the information above, the releases depend on factors such as the total number 
of coating machines at the site, the frequency of washing equipment between batches and the disposal 
practices of the washings, rather than the amount of brominated flame retardant used on the site. In the EU 
risk assessment for decabromodiphenyl ether (EC (2002)) it was assumed as a realistic worst case that 
washing occurred five times per day and that the washings were disposed of to sewer. This gives a total 
daily emission of brominated flame retardant for such a site of up to 1 kg/day or around 300 kg/year 
(assuming that is carried out for 300 days/year). This figure was in line with some of the reported releases 
of decabromodiphenyl ether from actual textile coating sites in the UK in recent years. For example a 
Voluntary Emission Control and reduction Action Programme (VECAP) has been put in place by the major 
suppliers of decabromodiphenyl ether in the EU to ensure improved control of emissions from sites using 
decabromodiphenyl ether in textile applications. As part of this program, surveys of the actual emissions 
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from textile backcoating sites have been undertaken. These are reported in ECB (2007a) and the total 
emissions to sewer from sites in the United Kingdom were around 30 kg/week in 2005, or around 0.18% of 
the total amount of decabromodiphenyl ether used in the week of the survey, and were smaller still in 2006 
(the unconfirmed figures were around 17 kg/week in 2006). The nature of the survey in ECB (2007a) makes 
it difficult to scale the reported weekly releases to a total yearly release (the figures were based only on the 
activities that were being carried out in the specific week of the survey) but it was estimated that these 
weekly emissions would correspond to a total yearly emission of decabromodiphenyl ether of the order of 
400-800 kg/year in 2005 (these would be expected to be lower in 2006). This is a similar order to that 
estimated above suggesting that the scenario is reasonably representative of a realistic worst case site. 

In summary for the assessment of the local emission from a textile backcoating site, the release to waste 
water will be taken as 1 kg/day (or 300 kg/year) for all relevant brominated flame retardants. In order to 
estimate the total emission from this source in England and Wales, an emission figure of 0.18% of the total 
amount of flame retardant used will be assumed. 

Diffuse emissions over the service life and at disposal of polymers and textiles 

Polymers 
The potential for diffuse emissions of brominated flame retardants by volatilisation or leaching from 
polymers over their service life depends on a number of factors. 

• Whether the substance is an additive or reactive flame retardant. Additive flame retardants are 
physically incorporated in the polymer matrix and so have potential for loss by volatilisation or 
leaching, whereas reactive flame retardants are chemical bound into the polymer back bone and 
so are not available for volatilisation or leaching. However, for reactive flame retardants, it is 
possible that not all of the flame retardant will react during the process (not all chemical reactions 
are 100% efficient) and so any unreacted residual flame retardant may be available for loss by 
volatilisation or leaching. The amount of unreacted flame retardant will be small, and a nominal 
value of 0.3% unreacted is assumed here. 

• The compatibility of the flame retardant with the polymer matrix. This can be visualised in terms of 
a “solubility” of the flame retardant in the polymer. 

• The vapour pressure of the flame retardant. 

• The water solubility of the flame retardant. 

OECD (2004) gives emission factors for emissions during the service life of additives in polymers and these 
are summarised in Table 11. 



53 Brominated flame retardants - risks to UK drinking water sources  
 

 
BRE Client report number 242844  
Commercial in confidence 

© Building Research Establishment Ltd 2009  
 

 

Table 11  Emission factors for polymer processing (OECD, 2004) 

Emission factor (as a percentage of amount of flame 
retardant used) 

Lifecycle step Substance 
properties 

Air Waste water Solid waste 

Low volatility classb 0.01% (over 
lifetime) 

  

Medium volatility 
classa 

0.05% (over 
lifetime) 

  

Service lifea – 
volatilisation loss 

High volatility 
classb 

0.25% (over 
lifetime) 

  

Low solubility 
classb 

 0.005% (over 
lifetime) 

 

Medium solubility 
classa 

 0.05% (over 
lifetime) 

 

Service lifea - 
leaching loss 

High solubility 
classb 

 0.5% (over 
 lifetime) 

 

Disposal - landfill All    

Disposal - 
incineration 

All 0% 0% 0% 

Notes:  a) The emission factors here were derived from data on a plasticiser (di-2-ethylhexylphthalate or 
DEHP). The volatility and solubility classes are considered relative to the vapour pressure and 
water solubility of DEHP (see text). 

 b) OECD (2004) only gives service life losses for DEHP. In order to take into account possible 
differences relating to differences in properties, the emission factors have been increased or 
decreased by a factor of 5 for volatile loss (this is consistent with different factors given in OECD for 
the compounding and conversion stages) and a factor of 10 for leaching loss (a higher factor is 
used here to reflect the broader range of the solubility classes). 

The emission factors given in OECD (2004) are based on data for a plasticiser (di-2-ethylhexylphthalate or 
DEHP). The volatility classes are the same as those defined earlier in relation to releases during polymer 
compounding and conversion. OECD (2004) does not use a classification system for leaching potential, 
however as some of the brominated flame retardants have a water solubility considerably higher than 
DEHP it is likely that they will also have a higher potential for leaching from the final polymer product and so 
a similar classification system to that for volatility is used here16. For this comparison, DEHP is assumed to 
                                                   
16 The relative volatility and solubility classification used here should not be confused with the more normal 
understanding of volatility and solubility applied to chemicals in general.  All brominated flame retardants 
have low vapour pressures and low water solubilities at 25°C. 



54 Brominated flame retardants - risks to UK drinking water sources  
 

 
BRE Client report number 242844  
Commercial in confidence 

© Building Research Establishment Ltd 2009  
 

 

be in the medium solubility class as there are brominated flame retardants with water solubilities both 
considerably higher and considerably lower than that of DEHP. It should be noted that leaching from the 
polymer during the service life can only occur if the polymer comes into contact with water. For a large 
number of applications of brominated flame retardants, for example use in electrical and electronic 
equipment, building insulation etc., such contact will not occur. This is factored in to the later emission 
estimates. 

The different solubility classes used in this analysis are summarised below. Again, as was the case with 
volatility, the approach is somewhat arbitrary but is consistent with the approach used in the initial 
screening exercise outlined earlier.  

Solubility class    

DEHP (water solubility – 3×10-3 mg/l at 25°C)  Medium    

Water solubility <1×10-4 mg/l at 25°C   Low 

Water solubility1×10-4 to 0.1 mg/l at 25°C  Medium 

Water solubility >0.1 mg/l at 25°C   High 

The total (regional) losses to the environment in England and Wales over the service life of polymers from 
leaching and volatilisation can then be estimated using the following equations. 

100
F1000

100
FQEregional residvolat

retardant flamevolat air, ×××=  

100
F

100
F1000

100
FQEregional washresidleach

retardant flameleach water, ××××=  

where Eregionalair, volat = Amount flame retardant lost to air by volatilisation over the lifetime of the 
product (kg/year). 

 Eregionalwater, leach = Amount of flame retardant lost to waste water by leaching over the 
lifetime of the product (kg/year). 

 Fvolat = Percentage loss to air by volatilisation over the lifetime of the product (Table 11). 

 Fleach = Percentage loss to waste water by leaching over the lifetime of the product (Table 
11). 

 Fresid = Fraction of the flame retardant added not chemically bound to the polymer 
backbone. Assumed 100% for additive flame retardant and 0.3% for reactive flame 
retardants. 

 Fwash = Percentage of the polymer that is washed (or otherwise exposed to water). For 
most flame retardant applications (for example electrical and electronic equipment, 
insulation boards etc.) this is expected to be very low and a nominal value of 0.1% is 
assumed. 

It should be noted that the above calculations take into account that many products containing brominated 
flame retardants have service lives greater than one year. Thus the amount of brominated flame retardant 
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actually present in articles in service will be greater than the yearly amount of brominated flame retardant 
used to produce those articles. 

As well as loss by volatilisation and leaching, another possible source of loss of flame retardants from 
polymers during their service life, and during disposal (or recycling processes such as shredding of plastic 
waste), is in the form of polymer particles, or dust, containing the flame retardant resulting from wear and 
tear on the article in use. OECD (2004) does not consider this source of release but it has been considered 
in several international risk assessments (e.g. EC (2002), ECB (2007a) and ECB (2007b)). The amount of 
quantitative emission information available for this source is very limited, although there are numerous 
studies showing that certain brominated flame retardants are present in household dust (for example see 
EC (2002), ECB (2004) and ECB (2007c)). As a result, a relatively crude and simplistic approach is taken 
here based on the approach taken in EC (2002). This is outlined below and takes into account the losses 
that have occurred via leaching and volatilisation. 

100
F

100
F1000

100
F

]EregionaEregional1000Q[Eregional wearresidpart
leach,watervolat,airretardant flameservice part, ××××−−×=

 

100
F

100
F1000

100
F

]EregionalEregionaEregional1000Q[Eregional

disposalresidpart

service,partleach,watervolat,airretardant flamedisposal part,

××××

−−−×=
 

where Eregionalpart, service = Amount of flame retardant lost as particulates/dust over the service life 
of the polymer. 

 Eregionalpart, disposal = Amount of flame retardant lost as particulates during disposal 
operations. 

 Eregionalair, volat = Amount of flame retardant lost by volatilisation over the service life (see 
above). 

 Eregionalwater, leach = Amount of flame retardant lost by leaching over the service life (see 
above). 

 Fpart = Percentage loss of particulates over the service life or during disposal. No 
quantitative data are available. A value of 2% is used here for both the service life 
(assuming heavy wear occurs in, for example, outdoor applications) and disposal loss 
based on the approach used in EC (2002). 

 Fresid = Percentage of the flame retardant added not chemically bound to the polymer 
backbone. Assumed 100% for additive flame retardant and 0.3% for reactive flame 
retardants. 

 Fwear = Percentage of the flame retarded polymer that is subject to wear during the service 
life. Again no quantitative data are available and, given that many applications of 
brominated flame retardants are in electrical and electronic equipment or used indoors, and 
so are not subject to heavy wear, a nominal value of 0.1% is assumed. 

 Fdisposal = Percentage of polymer disposed of, or recycled, at the end of the service life. This 
is assumed to be 100%. 

 
These particulates will be released directly to several different environmental compartments including 
industrial/urban soil, air and surface water. The following distribution of the particles will be assumed here 
(based on EC, 2002). 
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  75% to industrial/urban soil 
  0.1% to air 
  24.9% to surface water 

Textiles 
Little quantitative information is available on the loss of brominated flame retardants by volatilisation and 
leaching from textile backcoatings over the service life of the textile. The emissions here are therefore 
estimated using the same methodology as for polymers (the backcoating can be considered as a polymeric 
coating) except that the value of Fwash (the percentage of textiles containing the brominated flame retardant) 
is increased from 0.1% for polymers to 10% for textiles in recognition that the treated fabrics may be 
washed in some situations. The majority of fabrics treated with brominated flame retardants are used in 
drapery and upholstery fabrics and so will be washed only infrequently or never (e.g. the backs of furniture 
or furniture linings) and the 10% figure is chosen to reflect this. 

Textiles can also be subject to wear in use and so particulate emissions could occur over the service life 
and at disposal. Again the same methodology as for polymers is used here except for the value for Fwear 
(the percentage of the flame retarded textile that is subject to wear) is increased from 0.1% for polymers to 
11%. The 11% figure is based on a study reported in ECB (2007c) where an old three-piece suite was 
examined for signs of wear and it was estimated that 10-11% of the total surface area showed signs of 
wear. 

Estimates of concentrations in water sources 

The emission estimates obtained using the preceding methodology have been used as input into the 
EUSES 2.0.3 model. This model implements the risk assessment methodology that was used for new and 
existing substances in the EU (ECB, 2003b) and many aspects of these calculation methods have been 
incorporated into the methodology for carrying out a chemical safety assessment under REACH. 

In simple terms the model calculates the concentrations in various environmental media resulting from point 
source emissions to air and waste water. The emissions to waste water are assumed to pass through a 
biological waste water treatment plant of a standard size (flow 2,000 m3/day) before being diluted in the 
receiving water (a standard dilution factor of 10 is assumed). The waste water treatment plant takes into 
account of removal by adsorption onto sludge, biodegradation and loss by volatilisation (the removal 
estimates obtained for the brominated flame retardants in this study are summarised in Appendix A). 
Sewage sludge from the waste water treatment plant is assumed to be spread onto agricultural land, and 
the same land also received atmospheric deposition. Drinking water concentrations (see below) are 
estimated by the model based on the estimated concentrations in surface water and ground water under 
the agricultural land. 

As well as local, point source, concentrations the model also predicts concentrations at a regional level 
using a multi-compartment steady state model that takes into account several distribution, degradation and 
transfer processes. The regional compartment in the EUSES model is assumed to be an heavily 
industrialised area and for the analysis here it has been assumed that the total emissions in England and 
Wales occur in this region. This approach is likely to overestimate the actual regional concentrations in 
England and Wales. 
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The calculation of the concentration in drinking water in EUSES assumes complete removal of suspended 
particulates. For surface water sources, the model considers two types of drinking water collection, storage 
in open reservoirs or dune recharge. The level of removal predicted to be obtained by these systems is 
dependent on the log Kow, the Henry’s law constant or the biodegradation rate.  EUSES gives the removal 
in these processes as a “purification factor”. A factor of 1 effectively assumes no removal and a factor of 
0.25 effectively assumes 75% removal. The values predicted are shown in Table 13 for substances with a 
high potential for occurrence in water sources and in the equivalent table in Appendix B for substances with 
a moderate potential for occurrence in water sources.  The method resulting in the lowest level of removal 
is assumed in the calculation of the final concentration in drinking water from surface water sources17 as the 
model is intended as a worst case. The concentration derived from surface water is compared with the 
corresponding groundwater concentration from the model, and the higher value is taken as the drinking 
water concentration. The model assumes that no further treatment of this water occurs before it becomes 
drinking water. In England and Wales such waters would undergo further treatment, and so the calculated 
values do not correspond to drinking water concentrations here. Instead they are considered to indicate 
potential levels in source water, and are described as such in the following tables. 

The results of these calculations for the substances identified as of high potential for contamination of water 
sources are presented in Table 12 (local concentrations) and Table 13 (regional concentrations). The 
equivalent concentrations for the group of substances identified as of moderate potential for contamination 
of water sources are given in Appendix B for information. Calculations were not carried out for the low 
potential group. 

As noted above, the concentrations reported in Table 12 and Table 13 assume effectively no treatment of 
the source water before it becomes drinking water. The effect of subsequent, more complex, drinking water 
treatment processes can be easily assessed by applying the removal efficiency (percentage of the 
brominated flame retardant removed during the treatment process) if known, to the predicted concentration 
in drinking water estimated by EUSES. As an example, treatment of water using activated carbon is 
considered. The information on the removal efficiency of such treatment has been obtained from the 
reference document on best available techniques in common waste water treatment systems for the 
chemical industry (EC, 2003c). Examples of the extent of removal from water by granular activated carbon 
(GAC) for individual substances are as follows: 

Atrazine  84% 

Deildrin  86-98% 

Aldrin  88-93% 

DDT  97-99.9% 

γ-HCH  93% 

There is no specific information on the removal rates of the BFRs of interest in this work. However, it is 
possible to identify substances of similar structure or composition in some cases, which would allow an 
estimate to be made. For example, DDT could be considered as a suitable model for other halogenated 
aromatic compounds such as pentabromotoluene, tetrabromoxylene, pentabromoethylbenzene, and 
                                                   
17 For non-biodegradable substances, the dune recharge method generally leads to lower levels of removal 
and hence a higher predicted concentration.  As this method is not relevant to the UK, the predicted 
concentrations are likely to be conservative. 
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possibly tetrabromodiphenoxybenzene and 2,4,6-tribromophenoxy-2,3-dibromopropane. Applying a 
minimum removal of 97% to the concentration of pentabromotoluene for compounding in plastics would 
reduce the predicted local concentration from 1.68 mg/l to 0.05 mg/l for example. It may not be possible to 
find a suitable model compound for all of the substances considered in this work.  

The removal efficiency of conventional drinking water treatment processes has been determined for a 
range of organic compounds including phosphorus-based flame retardants, pharmaceuticals, plasticisers 
and polycyclic aromatic hydrocarbons (Stackelberg et al., 2007). The study was based on measurements at 
a drinking water treatment plant in the United States. The plant treated around 235 million litres per day of 
drinking water. The treatment processes carried out at the plant included screening, clarification followed by 
disinfection (NaClO), sand/GAC filtration followed by a final disinfection (NaClO to give a chlorine residual 
of 1.2 mg/l) before distribution. Supernatant water decanted from the settled sludge during the clarification 
process and the filter backwash sediment was recycled into the process (the recycled water accounted for 
about 9% of the water entering the treatment process). The study found that for substances with a log 
Kow >4, removal by adsorption on GAC was the main removal process and that overall removals close to 
100% were achieved in the treatment plant (these substances were generally not detectable at low ng/l 
levels in the finished water). 

Based on this study, it would appear that GAC filtration would be effective at removing BFRs from drinking 
water, particularly those with log Kow value above 4. It is understood that GAC filtration is now widely 
practiced at drinking water treatment plants in England and Wales. This has been driven, in part, by the 
requirements of the Drinking Water Regulations to remove suspended solids/turbidity to below 1 NTU 
(nephelometric turbidity unit). 
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Table 12 Predicted local concentrations of substances with a high potential for occurrence in water sources 
Plastics Textiles Substance Summary 

Number 
Use Pattern 

Annual 
average PEC 

in surface 
water 

(dissolved) 
(mg/l) 

Local PEC in 
pore water of 
agricultural 
soils (mg/l) 

Local conc. in 
source water 

(prior to 
treatment) 

(mg/l) 

Annual 
average PEC 

in surface 
water 

(dissolved) 
(mg/l) 

Local PEC in 
pore water of 
agricultural 
soils (mg/l) 

Local conc. in 
source water 

(prior to 
treatment) 

(mg/l) 

Compounding 8.8×10-5 2.35×10-4 2.35×10-4    

Conversion 5.8×10-6 6.1×10-7 5.8×10-6    

Tetrabromobis-
phenol-A (Reactive)   

6  

Combined 8.8×10-5 2.36×10-4 2.36×10-4    

6 Compounding 0.0164 0.042 0.042    

 Conversion 1.79×10-3 1.53×10-4 1.53×10-4    

Tetrabromo-
bisphenol-A 
(Additive) 

 Combined 0.0164 0.0421 0.0421    

8 Compounding 4.5×10-4 1.1×10-3 1.1×10-3    

 Conversion 1.1×10-6 1.8×10-6 1.8×10-6    

Tetrabromobis-
phenol-A bis-(2-
hydroxyethylether) 
(Reactive) 

 Combined 4.5×10-4 1.1×10-3 1.1×10-3    

Compounding 0.015 0.0367 0.0367    

Conversion 8.52×10-5 6.15×10-5 6.15×10-5    

Tetrabromobis-
phenol-A bis-(2-
hydroxyethylether) 
(Additive) 

8 

Combined 0.0151 0.0367 0.0367    

Compounding 2.5×10-4 9.0×10-5 2.5×10-4    

Conversion 2.2×10-6 7.8×10-7 2.2×10-6    

Dibromopentylglycol 16 

Combined 2.5×10-4 9.1×10-5 2.5×10-4    
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Plastics Textiles Substance Summary 
Number 

Use Pattern 

Annual 
average PEC 

in surface 
water 

(dissolved) 
(mg/l) 

Local PEC in 
pore water of 
agricultural 
soils (mg/l) 

Local conc. in 
source water 

(prior to 
treatment) 

(mg/l) 

Annual 
average PEC 

in surface 
water 

(dissolved) 
(mg/l) 

Local PEC in 
pore water of 
agricultural 
soils (mg/l) 

Local conc. in 
source water 

(prior to 
treatment) 

(mg/l) 

Compounding 1.2×10-3 7.3×10-4 1.2×10-3    

Conversion 5.0×10-5 2.9×10-5 5.0×10-5    

Tribromoneopentyl-
alcohol 

17 

Combined 1.2×10-3 7.6×10-4 1.2×10-3    

Compounding 3.8×10-6 1.5×10-6 3.8×10-6    

Conversion 8.0×10-6 3.2×10-6 8.0×10-6    

Vinylbromide 18 

Combined 1.2×10-5 4.7×10-6 1.2×10-5    

Compounding 8.4×10-4 7.2×10-3 7.2×10-3    

Conversion 3.4×10-5 2.9×10-4 2.9×10-4    

Tribromophenyl allyl 
ether 

19 

Combined 8.7×10-4 7.5×10-3 7.5×10-3    

Compounding 5.2×10-4 0.011 0.011    

Conversion 1.3×10-5 2.7×10-4 2.7×10-4    

Pentabromobenzyl 
acrylate (Reactive) 

20 

Combined 5.4×10-4 0.011 0.011    

Compounding 0.0176 0.365 0.365    

Conversion 6.34×10-4 9.08×10-3 9.08×10-3    

Pentabromobenzyl 
acrylate (Additive) 

20 

Combined 

 

0.0181 0.374 0.374    
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Plastics Textiles Substance Summary 
Number 

Use Pattern 

Annual 
average PEC 

in surface 
water 

(dissolved) 
(mg/l) 

Local PEC in 
pore water of 
agricultural 
soils (mg/l) 

Local conc. in 
source water 

(prior to 
treatment) 

(mg/l) 

Annual 
average PEC 

in surface 
water 

(dissolved) 
(mg/l) 

Local PEC in 
pore water of 
agricultural 
soils (mg/l) 

Local conc. in 
source water 

(prior to 
treatment) 

(mg/l) 

Compounding 0.0144 1.68 1.68 1.17×10-3 9.06×10-3 9.06×10-3 

Conversion 5.04×10-4 0.0418 0.0418 7.78×10-3 0.0181 0.0181 

Pentabromotoluene 21 

Combined 0.0147 1.73 1.73 0.0116 0.0271 0.0271 

Compounding 2.1×10-3 8.0×10-3 8.0×10-3    

Conversion 2.5×10-4 9.6×10-4 9.6×10-4    

2,4-Dibromophenol 24 (and 
23) 

Combined 2.4×10-3 9.0×10-3 9.0×10-3    

Compounding 2.8×10-3 0.049 0.049    

Conversion 3.4×10-4 5.9×10-3 5.9×10-3    

2,4,6-
Tribromophenol 

25 (and 
23) 

Combined 3.1×10-3 0.055 0.055    

Compounding 7.3×10-4 9.8×10-3 9.8×10-3    

Conversion 4.2×10-6 4.9×10-5 4.9×10-5    

Pentabromophenol 26 (and 
23) 

Combined 7.3×10-4 9.9×10-3 9.9×10-3    

Compounding 2.28×10-3 2.12×10-3 2.12×10-3 2.74×10-4 8.01×10-4 8.01×10-4 

Conversion 3.07×10-5 2.01×10-5 2.01×10-5 1.98×10-3 1.6×10-3 1.6×10-3 

1,2-Bis(2,4,6-

tribromophenoxy) 
ethane 

27 

Combined 

 

2.3×10-3 2.14×10-3 2.14×10-3 2.96×10-3 2.4×10-3 2.4×10-3 
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Plastics Textiles Substance Summary 
Number 

Use Pattern 

Annual 
average PEC 

in surface 
water 

(dissolved) 
(mg/l) 

Local PEC in 
pore water of 
agricultural 
soils (mg/l) 

Local conc. in 
source water 

(prior to 
treatment) 

(mg/l) 

Annual 
average PEC 

in surface 
water 

(dissolved) 
(mg/l) 

Local PEC in 
pore water of 
agricultural 
soils (mg/l) 

Local conc. in 
source water 

(prior to 
treatment) 

(mg/l) 

Compounding 2.0×10-4 9.2×10-6 2.0×10-4 5.5×10-3 9.43×10-3 5.5×10-3 

Conversion 9.4×10-7 6.6×10-7 9.4×10-7 0.0411 1.89×10-3 0.0411 

Tetrabromophthalic 
acid Na salt 
(Reactive) 

28 

Combined 2.0×10-4 9.4×10-6 2.0×10-4 0.0616 2.83×10-3 0.0616 

Compounding 0.0662 3.08×10-3 0.0662    

Conversion 1.38×10-4 5.11×10-5 1.38×10-4    

Tetrabromophthalic 
acid Na salt 
(Additive, not used 
in textiles) 

28 

Combined 0.0663 3.14×10-3 0.0663    

Compounding 1.8×10-3 4.9×10-3 4.9×10-3    

Conversion 3.7×10-6 8.5×10-6 8.5×10-6    

Tetrabromophthalic 
acid diol (*these are 
the same or similar 
substances) 

29 (and 41 
and 79)* 

Combined 1.8×10-3 4.9×10-3 4.9×10-3    

Compounding 9.8×10-4 3.1×10-3 3.1×10-3 4.05×10-3 0.0294 0.0294 

Conversion 2.3×10-6 5.1×10-6 5.1×10-6 0.0201 0.0588 0.0588 

Tetrabromophthalic 
anhydride 

30 

Combined 9.8×10-4 3.1×10-3 3.1×10-3 0.0302 0.0883 0.0883 

Compounding 0.0273 0.0462 0.0462 4.92×10-3 8.05×10-3 8.05×10-3 

Conversion 4.5×10-4 4.41×10-4 4.41×10-4 5.04×10-3 8.25×10-3 8.25×10-3 

Hexabromocyclo-
dodecane 

36 

Combined 

 

0.0275 0.0466 0.0466 9.73×10-3 0.0162 0.0162 
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Plastics Textiles Substance Summary 
Number 

Use Pattern 

Annual 
average PEC 

in surface 
water 

(dissolved) 
(mg/l) 

Local PEC in 
pore water of 
agricultural 
soils (mg/l) 

Local conc. in 
source water 

(prior to 
treatment) 

(mg/l) 

Annual 
average PEC 

in surface 
water 

(dissolved) 
(mg/l) 

Local PEC in 
pore water of 
agricultural 
soils (mg/l) 

Local conc. in 
source water 

(prior to 
treatment) 

(mg/l) 

Compounding 0.0333 0.266 0.266    

Conversion 1.43×10-3 0.0106 0.0106    

1,2-Dibromo-4-(1,2-
dibromomethyl) 
cyclohexane 

37 

Combined 0.0347 0.276 0.276    

Compounding 0.407 0.848 0.848    

Conversion 2.78×10-3 5.03×10-3 5.03×10-3    

Ethylene-bis(5,6-
dibromonorbornane-
2,3- dicarboximide) 

38 

Combined 0.409 0.853 0.853    

Compounding 0.0267 0.638 0.638    

Conversion 2.4×10-4 3.19×10-3 3.19×10-3    

1,3,5-tris(2,3-
dibromo-propoxy)-
2,4,6-triazine 

40 

Combined 0.0268 0.641 0.641    

Compounding 2×10-3 0.0103 0.0103    

Conversion 1.37×10-5 5.3×10-5 5.3×10-5    

Tris(2,4-
dibromophenyl) 
phosphate 

43 

Combined 2.01×10-3 0.0104 0.0104    

Compounding 0.04 0.0238 0.04    

Conversion 2.75×10-3 2.06×10-4 2.75×10-3    

Chlorinated 

brominated 
phosphate ester 

45 

Combined 

 

0.0403 0.024 0.0403    
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Plastics Textiles Substance Summary 
Number 

Use Pattern 

Annual 
average PEC 

in surface 
water 

(dissolved) 
(mg/l) 

Local PEC in 
pore water of 
agricultural 
soils (mg/l) 

Local conc. in 
source water 

(prior to 
treatment) 

(mg/l) 

Annual 
average PEC 

in surface 
water 

(dissolved) 
(mg/l) 

Local PEC in 
pore water of 
agricultural 
soils (mg/l) 

Local conc. in 
source water 

(prior to 
treatment) 

(mg/l) 

Compounding 0.0113 0.38 0.38 7.63×10-4 5.34×10-3 5.34×10-3 

Conversion 7.39×10-5 1.9×10-3 1.9×10-3 5.61×10-3 0.0107 0.0107 

Ethane-1,2-
bis(pentabromo-
phenyl) 

80 

Combined 0.0113 0.382 0.382 8.4×10-3 0.016 0.016 

 
Table 13 Predicted regional concentrations of substances with a high potential for occurrence in water sources 

Substance Summary 
Number 

Regional PEC in surface 
water (dissolved) (mg/l) 

Regional PEC in pore 
water of agricultural 

soils (mg/l) 

Regional concentration 
in source water (prior to 

treatment) (mg/l) 

Purification factor for 
EUSES drinking water 

calculationsa 

Tetrabromobisphenol-A (Reactive)   6  1.88×10-4 3.64×10-4 3.64×10-4 0.25 

Tetrabromobisphenol-A (Additive) 6 1.76×10-3 2.78×10-3 2.78×10-3 0.25 

Tetrabromobisphenol-A bis-(2-
hydroxyethylether) (Reactive) 

8 1.25×10-5 3.53×10-5 3.53×10-5 0.25 

Tetrabromobisphenol-A bis-(2-
hydroxyethylether) (Additive) 

8 6.03×10-5 6.77×10-5 6.77×10-5 0.25 

Dibromopentylglycol 16 2.22×10-6 1.27×10-7 2.22×10-6 1 

Tribromoneopentylalcohol 17 7.22×10-5 3.47×10-6 7.22×10-5 1 

Vinylbromide 18 7.43×10-7 8.35×10-9 7.43×10-7 1 
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Substance Summary 
Number 

Regional PEC in surface 
water (dissolved) (mg/l) 

Regional PEC in pore 
water of agricultural 

soils (mg/l) 

Regional concentration 
in source water (prior to 

treatment) (mg/l) 

Purification factor for 
EUSES drinking water 

calculationsa 

Tribromophenyl allyl ether 19 4.51×10-6 1.60×10-5 1.60×10-5 0.25 

Pentabromobenzyl acrylate 
(Reactive) 

20 1.03×10-5 2.37×10-5 2.37×10-5 0.25 

Pentabromobenzyl acrylate 
(Additive) 

20 2.02×10-4 2.37×10-5 2.37×10-5 0.25 

Pentabromotoluene 21 1.51×10-4 3.33×10-4 3.33×10-4 0.25 

2,4-Dibromophenol 24 (and 23) 1.83×10-5 6.82×10-7 1.83×10-5 1 

2,4,6-Tribromophenol 25 (and 23) 3.26×10-5 2.06×10-5 2.06×10-5 0.5 

Pentabromophenol 26 (and 23) 1.86×10-5 5.64×10-5 5.64×10-5 0.25 

1,2-Bis(2,4,6-
tribromophenoxy)ethane 

27 1.18×10-5 1.73×10-5 1.73×10-5 0.25 

Tetrabromophthalic acid Na salt 
(Reactive) 

28 2.03×10-5 1.39×10-7 2.03×10-5 1 

Tetrabromophthalic acid Na salt 
(Additive) 

28 2.77×10-5 1.63×10-7 2.77×10-5 1 

Tetrabromophthalic acid diol  29 (and 41 
and 79) 

2.63×10-5 7.13×10-6 2.63×10-5 1 

Tetrabromophthalic anhydride 30 2.19×10-5 3.19×10-5 3.19×10-5 0.25 

Hexabromocyclododecane 36 2.26×10-4 2.76×10-4 2.76×10-4 0.25 

1,2-Dibromo-4-(1,2-dibromomethyl) 
cyclohexane 

37 1.06×10-4 6.17×10-5 6.17×10-5 0.25 
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Substance Summary 
Number 

Regional PEC in surface 
water (dissolved) (mg/l) 

Regional PEC in pore 
water of agricultural 

soils (mg/l) 

Regional concentration 
in source water (prior to 

treatment) (mg/l) 

Purification factor for 
EUSES drinking water 

calculationsa 

Ethylene-bis(5,6-
dibromonorbornane-2,3- 
dicarboximide) 

38 7.52×10-4 2.15×10-5 7.52×10-4 1 

1,3,5-tris(2,3-dibromo-propoxy)-
2,4,6-triazine 

40 1.08×10-4 1.64×10-4 1.64×10-4 0.25 

Tris(2,4-dibromophenyl) phosphate 43 3.79×10-6 5.57×10-6 5.57×10-6 0.25 

Chlorinated brominated phosphate 
ester 

45 2.44×10-3 7.98×10-5 2.44×10-3 1 

Ethane-1,2-bis(pentabromophenyl) 80 1.77×10-5 1.95×10-5 1.95×10-5 0.25 

a – see text for explanation of this factor  

Note to Table 12 and Table 13: calculations have not been performed for the following substances in the list of high potential substances:  
summary number 10 (possibly produced by breakdown of tetrabromobisphenol-A in the environment, so scenarios not appropriate); 
summaries number 14 and 22 (used as intermediates, so scenarios not appropriate); summary number 42 (no suitable data to allow 
calculations to be performed). 
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Risk assessment 

In order to carry out a risk assessment for humans, information on both dose and effects is needed. 
Following the EU TGD methodology, the concentration in water can be converted into a daily dose by 
assuming consumption of two litres per day by an adult of 70 kg weight. The resulting doses for the 
substances of high potential are presented in Table 14 (local) and Table 15 (regional). 

Information on the effects of the substances has only been located for a small number. For those 
substances which have been assessed under the Existing Substances Regulation, information has been 
taken directly from the published reports. For other substances, searches for information have been carried 
out on ESIS, IPCS INCHEM, OECD HPV programme and Toxline. With these sources, precedence has 
been given (where relevant) to information from reviews which have appraised the data, but all data have 
been used as found without any effort to check the reliability or validity. A brief summary of the information 
(key values or conclusions only18) is included in Table 16. 

A quantitative comparison of effects and exposure estimates is only currently possible for four substances. 
The resulting ratios between effect level and exposure for local exposures are as follows: 

Tetrabromobisphenol-A  33,000 

Tribromoneopentyl alcohol 88,000 

2,4,6-Tribromophenol  19,000 

Hexabromocyclododecane  7,500 

and for the regional exposures  

Tetrabromobisphenol-A  500,000 

Tribromoneopnetyl alcohol 15,000,000 

2,4,6-Tribromophenol  51,000,000 

Hexabromocyclododecane  1,300,000  

The risk assessment for hexabromocyclododecane (EC, 2007a) includes a minimum margin of safety (the 
effect:exposure ratio) of 100, which is clearly well exceeded by the ratios above, hence no risks would be 
expected  to drinking water based on the estimates made in this report. 

 

                                                   
18 Other information on health effects has been located, for the substances in the table and for others, but it 
is either not suitable or sufficient for use in this risk assessment (for example, acute (single dose) toxicity 
data, results of mutagenicity tests with no other effects information). 
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Table 14 Doses of substances with a high potential for occurrence in water sources for a 70 kg human consuming 2 l/d of 
water (Local) 

Plastics Textiles Substance Summary 
Number 

Use Pattern 

Local conc. in 
source water 

(prior to 
treatment) (mg/l) 

Dose (mg/kg 
bw/day) 

Local conc. in 
source water 

(prior to 
treatment) (mg/l) 

Dose (mg/kg 
bw/day) 

Compounding 2.35×10-4 6.7×10-6   

Conversion 5.8×10-6 1.7×10-7   

Tetrabromobisphenol-A (along 
with tetrabromo-bisphenol-A 
dimethyl ether) (Reactive) 

6 

Combined 2.36×10-4 6.7×10-6   

Compounding 0.042 1.2×10-3   

Conversion 1.53×10-4 4.37×10-6   

Tetrabromobisphenol-A (along 
with tetrabromo-bisphenol-A 
dimethyl ether) (Additive) 

6 

Combined 0.0421 1.2×10-3   

Compounding 1.1×10-3 3.1×10-5   

Conversion 1.8×10-6 5.1×10-8   

Tetrabromobisphenol-A bis-(2-
hydroxyethylether) (Reactive) 

8 

Combined 1.1×10-3 3.1×10-5   

Compounding 0.0367 1.05×10-3   

Conversion 6.15×10-5 1.75×10-6   

Tetrabromobisphenol-A bis-(2-
hydroxyethylether) (Additive) 

8 

Combined 0.0367 1.05×10-3   

Compounding 0.0233 6.66×10-4   

Conversion 3.98×10-5 1.14×10-6   

Tetrabromobisphenol-A 
dimethyl ether) (no current use 
in EU, but is a potential 
degradation product of TBBPA 
summary number 6) 

10 

Combined 0.0234 6.69×10-4   
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Plastics Textiles Substance Summary 
Number 

Use Pattern 

Local conc. in 
source water 

(prior to 
treatment) (mg/l) 

Dose (mg/kg 
bw/day) 

Local conc. in 
source water 

(prior to 
treatment) (mg/l) 

Dose (mg/kg 
bw/day) 

 

Compounding     

Conversion     

Tetrabromobisphenol-S (used 
as an intermediate) 

14 

Combined     

Compounding 2.5×10-4 7.1×10-6   

Conversion 2.2×10-6 6.3×10-8   

Dibromopentylglycol 16 

Combined 2.5×10-4 7.1×10-6   

Compounding 1.2×10-3 3.4×10-5   

Conversion 5.0×10-5 1.4×10-6   

Tribromoneopentylalcohol 17 

Combined 1.2×10-3 3.4×10-5   

Compounding 3.8×10-6 1.1×10-7   

Conversion 8.0×10-6 2.2×10-7   

Vinylbromide 18 

Combined 1.2×10-5 3.2×10-7   

Compounding 7.2×10-3 2.1×10-4   

Conversion 2.9×10-4 8.3×10-6   

Tribromophenyl allyl ether 19 

Combined 

 

7.5×10-3 2.1×10-4   
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Plastics Textiles Substance Summary 
Number 

Use Pattern 

Local conc. in 
source water 

(prior to 
treatment) (mg/l) 

Dose (mg/kg 
bw/day) 

Local conc. in 
source water 

(prior to 
treatment) (mg/l) 

Dose (mg/kg 
bw/day) 

 

Compounding 0.011 3.1×10-4   

Conversion 2.7×10-4 7.7×10-6   

Pentabromobenzyl acrylate 
(Reactive) 

20 

Combined 0.011 3.1×10-4   

Compounding 0.365 0.01   

Conversion 9.08×10-3 2.59×10-4   

Pentabromobenzyl acrylate 
(Additive) 

20 

Combined 0.374 0.011   

Compounding 1.68 0.048 9.06×10-3 2.59×10-4 

Conversion 0.0418 1.19×10-3 0.0181 5.17×10-4 

Pentabromotoluene 21 

Combined 1.73 0.049 0.0271 7.74×10-4 

Compounding     

Conversion     

2,3-Dibromo-2-butene-1,4-diol 
(used as an intermediate) 

22 

Combined     

Compounding 8.0×10-3 2.3×10-4   

Conversion 9.6×10-4 2.7×10-5   

2,4-Dibromophenol 24 (and 23) 

Combined 

 

9.0×10-3 2.6×10-4   
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Plastics Textiles Substance Summary 
Number 

Use Pattern 

Local conc. in 
source water 

(prior to 
treatment) (mg/l) 

Dose (mg/kg 
bw/day) 

Local conc. in 
source water 

(prior to 
treatment) (mg/l) 

Dose (mg/kg 
bw/day) 

 

Compounding 0.049 1.4×10-3   

Conversion 5.9×10-3 1.7×10-4   

2,4,6-Tribromophenol 25 (and 23) 

Combined 0.055 1.6×10-3   

Compounding 9.8×10-3 2.8×10-4   

Conversion 4.9×10-5 6.4×10-6   

Pentabromophenol 26 (and 23) 

Combined 9.9×10-3 2.8×10-4   

Compounding 2.12×10-3 6.06×10-5 8.01×10-4 2.29×10-5 

Conversion 2.01×10-5 5.74×10-7 1.6×10-3 4.57×10-5 

1,2-Bis(2,4,6-
tribromophenoxy)ethane 

27 

Combined 2.14×10-3 6.11×10-5 2.4×10-3 6.86×10-5 

Compounding 2.0×10-4 5.7×10-6 5.5×10-3 1.57×10-4 

Conversion 9.4×10-7 2.7×10-7 0.0411 1.17×10-3 

Tetrabromophthalic acid Na salt 
(Reactive) 

28 

Combined 2.0×10-4 5.7×10-6 0.0616 1.76×10-3 

Compounding 0.0662 1.89×10-3   

Conversion 1.38×10-4 3.94×10-6   

Tetrabromophthalic acid Na salt 
(Additive, not used in textiles) 

28 

Combined 

 

0.0663 1.89×10-3   
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Plastics Textiles Substance Summary 
Number 

Use Pattern 

Local conc. in 
source water 

(prior to 
treatment) (mg/l) 

Dose (mg/kg 
bw/day) 

Local conc. in 
source water 

(prior to 
treatment) (mg/l) 

Dose (mg/kg 
bw/day) 

 

Compounding 4.9×10-3 1.4×10-4   

Conversion 8.5×10-6 2.4×10-7   

Tetrabromophthalic acid diol 
(*these are the same or similar 
substances) 

29 (and 41 
and 79)* 

Combined 4.9×10-3 1.4×10-4   

Compounding 3.1×10-3 8.9×10-5 0.0294 8.4×10-4 

Conversion 5.1×10-6 1.5×10-7 0.0588 1.68×10-3 

Tetrabromophthalic anhydride 30 

Combined 3.1×10-3 8.9×10-5 0.0883 2.52×10-3 

Compounding 0.0462 1.32×10-3 8.05×10-3 2.3×10-4 

Conversion 4.41×10-4 1.26×10-5 8.25×10-3 2.36×10-4 

Hexabromocyclododecane 36 

Combined 0.0466 1.33×10-3 0.0162 4.63×10-3 

Compounding 0.266 7.6×10-3   

Conversion 0.0106 3.03×10-4   

1,2-Dibromo-4-(1,2-
dibromomethyl) cyclohexane 

37 

Combined 0.276 7.89×10-3   

Compounding 0.848 0.024   

Conversion 5.03×10-3 1.44×10-4   

Ethylene-bis(5,6-
dibromonorbornane-2,3- 
dicarboximide) 

38 

Combined 

 

0.853 0.024   
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Plastics Textiles Substance Summary 
Number 

Use Pattern 

Local conc. in 
source water 

(prior to 
treatment) (mg/l) 

Dose (mg/kg 
bw/day) 

Local conc. in 
source water 

(prior to 
treatment) (mg/l) 

Dose (mg/kg 
bw/day) 

 

Compounding 0.638 0.018   

Conversion 3.19×10-3 9.11×10-5   

1,3,5-tris(2,3-dibromo-propoxy)-
2,4,6-triazine 

40 

Combined 0.641 0.0183   

Compounding     

Conversion     

Bromo-chlorinated paraffins (no 
estimate possible) 

42 

Combined     

Compounding 0.0103 2.94×10-4   

Conversion 5.3×10-5 1.51×10-6   

Tris(2,4-dibromophenyl) 
phosphate 

43 

Combined 0.0104 2.97×10-4   

Compounding 0.04 1.14×10-3   

Conversion 2.75×10-3 7.86×10-5   

Chlorinated brominated 
phosphate ester 

45 

Combined 0.0403 1.15×10-3   

Compounding 0.38 0.01 5.34×10-3 1.53×10-4 

Conversion 1.9×10-3 5.43×10-5 0.0107 3.06×10-4 

Ethane-1,2-
bis(pentabromophenyl) 

80 

Combined 0.382 0.01 0.016 4.57×10-4 
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Table 15 Doses of substances with a high potential for occurrence in water sources (Regional)  

Substance Summary 
Number 

Regional concentration in source 
water (prior to treatment) (mg/l) 

Dose (mg/kg bw/day) 

Tetrabromobisphenol-A (along with 
tetrabromo-bisphenol-A dimethyl ether) 
(Reactive) 

6 3.64×10-4 1.04×10-5 

Tetrabromobisphenol-A (along with 
tetrabromo-bisphenol-A dimethyl ether) 
(Additive) 

6 2.78×10-3 7.94×10-5 

Tetrabromobisphenol-A bis-(2-
hydroxyethylether) (Reactive) 

8 3.53×10-5 1.01×10-6 

Tetrabromobisphenol-A bis-(2-
hydroxyethylether) (Additive) 

8 6.77×10-5 1.93×10-6 

Tetrabromobisphenol-A dimethyl ether) (no 
current use in EU, but is a potential deg. 
product of TBBPA #6) 

10 7.08×10-6 2.02×10-7 

Tetrabromobisphenol-S (used as an 
intermediate) 

14   

Dibromopentylglycol 16 2.22×10-6 6.34×10-8 

Tribromoneopentylalcohol 17 7.22×10-5 2.06×10-6 

Vinylbromide 18 7.43×10-7 2.12×10-8 

Tribromophenyl allyl ether 19 1.60×10-5 4.57×10-7 

Pentabromobenzyl acrylate (Reactive) 20 2.37×10-5 6.77×10-7 

Pentabromobenzyl acrylate (Additive) 20 2.37×10-5 6.77×10-7 
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Substance Summary 
Number 

Regional concentration in source 
water (prior to treatment) (mg/l) 

Dose (mg/kg bw/day) 

Pentabromotoluene 21 3.33×10-4 9.51×10-6 

2,3-Dibromo-2-butene-1,4-diol (used as an 
intermediate) 

22   

2,4-Dibromophenol 24 (and 23) 1.83×10-5 5.23×10-7 

2,4,6-Tribromophenol 25 (and 23) 2.06×10-5 5.89×10-7 

Pentabromophenol 26 (and 23) 5.64×10-5 1.61×10-6 

1,2-Bis(2,4,6-tribromophenoxy)ethane 27 1.73×10-5 4.94×10-7 

Tetrabromophthalic acid Na salt (Reactive) 28 2.03×10-5 5.8×10-7 

Tetrabromophthalic acid Na salt (Additive, not 
used in textiles) 

28 2.77×10-5 7.91×10-7 

Tetrabromophthalic acid diol (*these are the 
same or similar substances) 

29 (and 41 
and 79)* 

2.63×10-5 7.51×10-7 

Tetrabromophthalic anhydride 30 3.19×10-5 9.11×10-7 

Hexabromocyclododecane 36 2.76×10-4 7.89×10-6 

1,2-Dibromo-4-(1,2-dibromomethyl) 
cyclohexane 

37 6.17×10-5 1.76×10-6 

Ethylene-bis(5,6-dibromonorbornane-2,3- 
dicarboximide) 

38 7.52×10-4 2.18×10-5 

1,3,5-tris(2,3-dibromo-propoxy)-2,4,6-triazine 

 

40 1.64×10-4 4.69×10-6 
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Substance Summary 
Number 

Regional concentration in source 
water (prior to treatment) (mg/l) 

Dose (mg/kg bw/day) 

Bromo-chlorinated paraffins (no estimate 
possible) 

42   

Tris(2,4-dibromophenyl) phosphate 43 5.57×10-6 1.59×10-7 

Chlorinated brominated phosphate ester 45 2.44×10-3 6.97×10-5 

Ethane-1,2-bis(pentabromophenyl) 80 1.95×10-5 5.57×10-7 
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Table 16 Summary of health effects information 

Substance Summary 
number 

Information 

Tetrabromobisphenol-A 6 No effects relevant to adults. NOAEL of 40 mg/kg d for infants, 
related to nephrotoxicity in newborn rats (EC, 2007b). 

Dibromopentylglycol 16 Assessed by IARC as possibly carcinogenic to humans (Group 
2B) (IARC, 2000) 

Tribromoneopentylalcohol 17 Critical NOAEL 30 mg/kg/day for effects on bladder/kidney 
(USEPA, no date).  

Vinylbromide 18 Assessed by IARC as probably carcinogenic to humans (Group 
2A) (IARC, 1999) 

2,4,6-Tribromophenol 25 Critical NOAEL 300 mg/kg/day for reproductive/developmental 
effects (IPCS, 2005).  

Hexabromocyclododecane 36 Critical NOAEL 10 mg/kg day for reproductive toxicity/fertility. 
Minimal MOS 100. (EC, 2007a) 

 

Equivalent values for minimum margins of safety are not available for the other substances from published 
sources. The approach to assessing health risks under REACH (ECHA, 2008) differs in that assessment 
factors are applied to the NOAEL to derive a DNEL (derived no effect level). However, the combined 
assessment factor is equivalent in size to a minimum margin of safety. The assessment factors take 
account of inter- and intraspecies variability, extrapolation from shorter to longer term exposures, and the 
overall quality of the data available. Within this project it not possible to carry out the assessment of the 
overall database for each substance in such a way as to allow this part of the assessment factor to be 
determined. However, the worst case factor based on the other components would be 600, and additional 
factors for the overall data availability are expected to be of the order of 2-5. Hence effect:exposure ratios 
above 3,000 would be unlikely to lead to risks. All of the ratios calculated above are higher than this value. 

There are currently no World Health Organization (WHO) Guideline limits for brominated flame retardants in 
drinking water and so it is not possible to carry out a comparison of the concentrations predicted to occur in 
source water with such limits. 

Effect of regulation 

The available information on measured levels in ground water and surface water do not allow an 
assessment to be made of the effects of recent regulation for pentabromodiphenyl ether and 
octabromodiphenyl ether. There are insufficient measured levels from EU countries over a period of time at 
comparable locations in these media to allow trends to be determined19. There are limited measurements 
                                                   
19 Measurements in other media have shown trends. Levels of BDE-153 in mothers’ milk in Sweden 
stabilised in 2001, while tetra- and pentabromo congeners peaked in 1996 and are decreasing (Fängström 
et al., 2008).  In tawny owl eggs, congeners associated with pentabromodiphenyl ether declined rapidly in 
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on individual congeners for penta- and octabromodiphenyl ether from close to a former production site, but 
only on one occasion, and with values only below the detection limit. 

It is possible to look at the calculated concentrations from the risk assessment reports for 
pentabromodiphenyl ether and octabromodiphenyl ether as these were completed before the risk 
management controlling the use of these substances was implemented. These assessments include both 
local and regional concentrations. The effect of the legislation has been to remove the local sources; 
however, there will still be emissions from products in use which contain the substances, and so the 
regional concentrations can be considered to still be of relevance. These should decline with time, although 
there is discussion as to whether degradation of the higher brominated congeners from decabromodiphenyl 
ether can lead to the formation of lower congeners. 

For pentabromodiphenyl ether the risk assessment (EC, 2000a) reached a conclusion (i) (further 
information needed) for both regional and local exposures of man through the environment. This was in 
view of the uncertainty in both the effects and exposure data. The regional exposure calculated in that 
report led to a margin of safety of 570, which was considered to be insufficient in relation to this uncertainty. 
The drinking water contribution to the regional exposure through the environment was ~2%, and the margin 
of safety for exposure only through drinking water is 28,500, which is considered sufficient. Hence for 
exposure at the estimated regional levels (which were consistent with the measured background 
concentrations) there would be no risk through drinking water. 

For octabromodiphenyl ether, risks for man exposed through the environment were identified at the local 
level for developmental effects, but no risks were identified at the regional level (EC, 2003a). Drinking water 
contributed 3.5% of the exposure through the environment. Hence for exposure at the regional level, there 
would be no risks through drinking water. 

                                                                                                                                                                       
the early part of the period 1986-2004 with slower decline in the later part, while congeners associated with 
octabromodiphenyl ether declined at a constant rate over the period (Bustnes et al., 2007). 
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Discussion of the results from the study 

There are limited monitoring data available on the levels of BFRs in drinking water. One study has shown 
the occurrence of hexabromocyclododecane at low µg/l levels in samples of borehole water and drinking 
water taken at former BFR production plants in the UK and the Netherlands. It is understood that the 
production plant in question in the United Kingdom has since closed.  

There have been reported occurrences of brominated phenols in some samples of drinking water but again 
the concentrations present are very low (sub-µg/l concentrations). However, it should be noted that, when 
BFRs have been investigated in drinking water, they appear to be not detectable in the majority of the 
samples. 

As the available monitoring data for drinking water are limited, data located on the levels of BFRs in fresh 
surface water and ground water have also been summarised. Most of the available studies show that BFRs 
are not detectable in such media, often down to low ng/l levels. However, some BFRs, including 
hexabromocyclododecane, polybrominated diphenyl ethers (tetra- to decabrominated) and 
tetrabromobisphenol-A have been detected occasionally at concentrations up to a few µg/l. Where the 
dissolved and suspended particulate phases of these samples have been analysed separately, the BFRs in 
question have generally been found to be associated almost exclusively with the suspended particulate 
phase. Therefore it would be expected that the filtration techniques that are routinely used in the treatment 
of drinking water would be effective at removing BFRs present in the source water. 

Based on the limited available monitoring data it would be expected that BFRs would show a low level of 
occurrence in drinking water. This is based on the low levels found in surface waters and the likely effective 
removal of BFRs during drinking water treatment. However, the data available are limited and so it cannot 
totally be ruled out that BFRs would occur in drinking water abstracted near to sources of release. 

An investigation of the use of BFRs in England and Wales revealed a total of around 85 substances that 
potentially could be used as BFRs. However, there is little factual information available on the actual 
substances currently in use in England and Wales. Four substances, decabromodiphenyl ether, 
tetrabromobisphenol-A, hexabromocyclododecane and 1,1’-(ethane-1,2-diyl)bis[pentabromobenzene] are 
considered to be the main BFRs that are likely to be in current use. For the other BFRs considered in this 
review, it is in many cases unclear as to whether they are in current use in significant amounts and it is 
possible that some of the substances considered are of historic interest only or are not actual BFRs 
themselves (for example it is possible that some of the substances are used as intermediates in the 
production of other BFRs rather than as BFRs themselves). This lack of data necessarily introduces some 
uncertainties into the findings of this study. 

The main applications of BFRs are in either plastics or textiles. A wide-range of plastic types can contain 
BFRs including thermoplastics such as polyethylene, polypropylene, polystyrene, polyvinylchloride (PVC), 
acrylonitrile-butadiene-styrene (ABS), polyethylene terephthalate (PET), polyamides (nylons) and 
polycarbonates as well as thermosetting resins such as polyurethanes, unsaturated polyesters, phenolic 
resins and epoxy resins. In textiles, the BFR is frequent applied as a polymeric coating to the back of the 
textile. Again, limited specific information has been located to allow specific BFRs to be assigned to specific 
uses, or specific sites of use, in England and Wales. 
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Bearing in mind the uncertainty over the exact BFRs in current use in England and Wales, a conservative 
screening approach has been used to identify which of the 85 substances20 have the highest potential for 
occurrence in water sources. This identified a total of 2920 substances with a high potential for occurrence in 
water sources (these are listed in Table 4). A further 28 substances were identified as having a moderate 
potential for occurrence in water sources and the remaining 2920 substance were identified as having a low 
potential for occurrence in water sources. The substances identified with a high potential for occurrence in 
water sources are summarised below. It is probable that some of these substances are actually used as 
intermediates for the production of BFRs rather than BFRs themselves. 

Summary 6 (along with Summary 10) Tetrabromobisphenol-A (along with 
tetrabromobisphenol-A dimethyl ether) 

Summary 8 Tetrabromobisphenol-A bis-(2-hydroxyethylether) 
Summary 14 Tetrabromobisphenol-S 
Summary 16 Dibromopentylglycol 
Summary 17 Tribromoneopentylalcohol 
Summary 18 Vinylbromide 
Summary 19 Tribromophenyl allyl ether 
Summary 20 Pentabromobenzyl acrylate 
Summary 21 Pentabromotoluene 
Summary 22 2,3-Dibromo-2-butene-1,4-diol 
Summary 24 (and Summary 23) 2,4-Dibromophenol 
Summary 25 (and Summary 23) 2,4,6-Tribromophenol 
Summary 26 (and Summary 23) Pentabromophenol 
Summary 27 1,2-Bis(2,4,6-tribromophenoxy)ethane 
Summary 28 Tetrabromophthalic acid Na salt 
Summary 29 (and Summary 41 and 
Summary 79) 

Tetrabromophthalic acid diol (and diester of 
tetrabromophthalic acid and 1,2-
benzenedicarboxylic acid, 3,4,5,6-tetrabromo-, 
mixed esters with diethylene glycol and propylene 
glycol) 

Summary 30 Tetrabromophthalic anhydride 
Summary 36 Hexabromocyclododecane 
Summary 37 1,2-Dibromo-4-(1,2-dibromomethyl) cyclohexane 
Summary 38 Ethylene-bis(5,6-dibromonorbornane-2,3-

dicarboximide) 

Summary 40 1,3,5-tris(2,3-dibromo-propoxy)-2,4,6-triazine 
Summary 42 Bromo-chlorinated paraffins 
Summary 43 Tris(2,4-dibromophenyl) phosphate 
Summary 45 Chlorinated brominated phosphate ester 
Summary 80 Ethane-1,2-bis(pentabromophenyl) 

 
                                                   
20 One substance (pentabromobenzyl acrylate) (Summary 20) has either a high potential or a low potential 
depending on whether the monomer or the polymer is considered. Therefore the totals of the high, 
moderate and low potential categories add up to 86 rather than 85. 
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The list of substances with a high potential for occurrence in water sources contains several brominated 
phenols. As indicated above some brominated phenols have been determined to be present at low levels in 
some samples of drinking water. In this respect it is important to note that there may be sources of these 
substances in the environment from uses other than flame retardants. For example it is possible that they 
are used as intermediates in the production of other BFRs and, in addition, several studies have indicated 
that brominated phenols are naturally occurring substances, particularly in marine ecosystems (for example 
see Lincoln et al. (2005), Whitfield et al. (1998), Steward and Lovell (1997) amongst others). Therefore their 
occurrence in drinking water may not reflect solely a use as a flame retardant. 

For the substance identified as having a high potential for occurrence in water sources, a worst case 
estimate of the amount of the substance that could potentially occur in water sources has been made. 
These worst case estimates use a number of conservative assumptions relating to the amounts used and 
the main applications in England and Wales and the amounts that could be emitted from the various 
processes. In addition, no treatment of the water at the drinking water treatment plant is assumed in the 
estimates. Thus the concentrations estimated are likely to markedly overestimate the actual concentrations 
that might be expected to occur in water sources and final drinking water. The concentrations estimated for 
the substances with a high potential for occurrence in water sources are summarised below in Table 17. 
The available water solubility data (mainly estimates from Appendix A) are also shown for reference.  

Table 17 Summary of predicted worst case concentrations for substances identified as 
having a high potential for occurrence in water sources (concentrations are before 
any treatment at the drinking water plant) 

Summary Substance Predicted local 
concentration in 

source water 

Water solubility 
(from Appendix A) 

Summary 6 (along with 
Summary 10) 

Tetrabromobisphenol-A 
(along with 
tetrabromobisphenol-A 
dimethyl ether) 

5.8×10-6-0.042 mg/l 0.15-2.34 mg/l 
(6.8×10-5 mg/l for the 

dimethyl ether) 

Summary 8 Tetrabromobisphenol-A bis-
(2-hydroxyethylether) 

1.8×10-6-0.037 mg/l 0.023 mg/l 

Summary 14 Tetrabromobisphenol-S No estimate – most 
probably used as an 

intermediate 

3.3 mg/l 

Summary 16 Dibromopentylglycol 2.2×10-6-2.5×10-4 
mg/l 

38,000 mg/l 

Summary 17 Tribromoneopentylalcohol 5.0×10-5-1.2×10-3 
mg/l 

703 mg/l 

Summary 18 Vinylbromide 8.0×10-6-1.2×10-5 
mg/l 

10,400 mg/l 

Summary 19 Tribromophenyl allyl ether 2.9×10-4-7.5×10-3 
mg/l 

1.3 mg/l 

Summary 20 Pentabromobenzyl acrylate 2.7×10-4-0.37 mg/l 0.13 mg/l 
Summary 21 Pentabromotoluene 9.1×10-3-1.7 mg/l 0.35 mg/l 
Summary 22 2,3-Dibromo-2-butene-1,4-

diol 
No estimate – most 
probably used as an 

intermediate 

1.0×106 mg/l 
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Summary Substance Predicted local 
concentration in 

source water 

Water solubility 
(from Appendix A) 

Summary 24 (and 
Summary 23) 

2,4-Dibromophenol 9.6×10-4-9.0×10-3 
mg/l 

1,900 mg/l 

Summary 25 (and 
Summary 23) 

2,4,6-Tribromophenol 5.9×10-3-0.055 mg/l 70 mg/l 

Summary 26 (and 
Summary 23) 

Pentabromophenol 4.9×10-5-9.9×10-3 
mg/l 

34 mg/l 

Summary 27 1,2-Bis(2,4,6-
tribromophenoxy)ethane 

2.0×10-5-2.4×10-3 
mg/l 

2.2 ×10-4 mg/l 

Summary 28 Tetrabromophthalic acid Na 
salt 

9.4×10-7-0.066 mg/l 74 mg/l 

Summary 29 (and 
Summary 41 and 
Summary 79) 

Tetrabromophthalic acid diol 
(and diester of 
tetrabromophthalic acid and 
1,2-benzenedicarboxylic 
acid, 3,4,5,6-tetrabromo-, 
mixed esters with diethylene 
glycol and propylene glycol) 

8.5×10-6-4.9×10-3 769 mg/l 

Summary 30 Tetrabromophthalic 
anhydride 

5.1×10-6-0.088 mg/l 65 mg/l 

Summary 36 Hexabromocyclododecane 4.4×10-4-0.047 mg/l 0.066 mg/l 
Summary 37 1,2-Dibromo-4-(1,2-

dibromomethyl) cyclohexane 
0.011-0.28 mg/l 0.92 mg/l 

Summary 38 Ethylene-bis(5,6-
dibromonorbornane-2,3-
dicarboximide) 

5.0×10-3-0.85 mg/l 0.048 mg/l 

Summary 40 1,3,5-tris(2,3-dibromo-
propoxy)-2,4,6-triazine 

3.2×10-3-0.64 mg/l 0.017 mg/l 

Summary 42 Bromo-chlorinated paraffins No estimate 
possible 

No estimate 
possible 

Summary 43 Tris(2,4-dibromophenyl) 
phosphate 

5.3×10-5-0.010 mg/l 2.7×10-4 mg/l 

Summary 45 Chlorinated brominated 
phosphate ester 

2.8×10-3-0.040 mg/l 135 mg/l 

Summary 80 Ethane-1,2-
bis(pentabromophenyl) 

1.9×10-3-0.38 mg/l 7.2×10-4 mg/l 

Note: Shading –The predicted concentration in source water is above the likely water solubility of the 
substance.    

In reality it is likely the actual concentration of these substances present in the final drinking water will be 
much lower than given in Table 17. For example, drinking water treatment processes such as GAC filtration 
(widely practiced in England and Wales) are likely to markedly reduce the concentration of any BFR 
present (particularly for substances with a log Kow value >4). Little or no information is available on the 
actual removal during drinking water treatment processes but it is estimated that for substances with a log 
Kow >4, GAC filtration would result in around a 97 per cent or more (in some cases close to 100 per cent) 
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reduction in the concentration. In addition, the estimates are considered to be conservative and in reality, 
the actual emissions of the BFRs to the environment, and hence the resulting concentrations in water and 
water sources, are likely to be much lower than assumed here. Indeed, for several of the substances in 
Table 17 the predicted concentrations are in excess of the likely water solubility of the substance. The 
water solubility of many, but not all, BFRs is very low and this in itself should limit the potential for 
occurrence in drinking water for several of the substances. 

The predicted worst case concentrations in water sources for the substances considered to have a 
moderate potential for occurrence in water sources are given in Appendix B. 

Only very limited information is available on the toxicity of many of the BFRs considered. For four 
substances (tetrabromobisphenol-A, tribromoneopentyl alcohol, 2,4,6-tribromophenol, and 
hexabromocyclododecane) it was possible to carry out a quantitative comparison between the worst case 
exposure via drinking water and the toxicity data (effect levels). This comparison lead to very high margins 
of safety (between 7,500 and 88,000 for local exposures) indicating that the worst case concentrations 
predicted would not be expected to present a risk to human health. 

In terms of the water sources that are potentially at risk from contamination by BFRs, very little specific 
information is currently available. In general terms the drinking water sources at highest risk from 
contamination will be those that are abstracted from close to (down stream of) either polymer processing 
sites or textile processing sites where the BFRs are used. In addition water abstracted from ground water 
sources underlying areas where se 

wage sludge containing BFRs is applied may also be at risk, particularly if the sewage sludge is from a 
treatment plant serving either a polymer processing or textile processing site(s).  

It is known that the majority of textile processing sites in England and Wales are located in the north of 
England, with the larger sites generally being based in Lancashire (TFA, 2008). However there are sites in 
other industrial areas of the UK. 

It has been estimated that there are around 50 companies in the UK specialising in the compounding of 
polymers/plastics and around 3,000 companies carrying out polymer/plastics conversion (OECD, 2004). 
Little information is available on the geographical spread of these companies however OECD (2004) notes 
that “there are few industrial estates or regions within the UK, or indeed most industrialised countries, which 
do not have one or more companies manufacturing plastics”. Therefore it can be assumed that 
polymer/plastics processing sites will be widespread throughout England and Wales and will be generally 
found on industrial estates. However, it should be considered that a) not all polymers/plastics are flame 
retarded and b) flame retardants other than BFRs are also widely used. Therefore it is likely that the 
number of companies using BFRs in the UK will be lower than the 3,000 figure given above but the exact 
number is not known. 

It should also be noted that domestic use of flame retarded articles (plastics and textiles) can lead to a 
diffuse emission to the environment from urban sources. Thus municipal waste water treatment plants can 
effectively act as a source of release of BFRs and this has been considered in this report in terms of the 
“regional” emission and concentrations (these can be considered as effectively representing the 
“background” level of contamination). However, here the concentrations of BFRs are likely to be very low 
and so this can be considered as a lower risk source of contamination of drinking water sources. 

Given that the major point source sites of release of BFRs to water courses are in industrial areas, the risk 
of contamination of private water supplies with BFRs appears to be low. 
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Conclusions and recommendations 

A total of around 85 substances have been identified that could potentially be used as BFRs in England and 
Wales. Using a screening approach, the BFRs were assigned to one of three groups: those with a high 
potential for occurrence in water sources; those with a moderate potential for occurrence in water sources; 
and those with a low potential for occurrence in water sources as follows. 

BFRs identified as a high potential for occurrence in water sources 

Summary 6 (along with Summary 10) Tetrabromobisphenol-A (along with 
tetrabromobisphenol-A dimethyl ether) 

Summary 8 Tetrabromobisphenol-A bis-(2-hydroxyethylether) 
Summary 14 Tetrabromobisphenol-S 
Summary 16 Dibromopentylglycol 
Summary 17 Tribromoneopentylalcohol 
Summary 18 Vinylbromide 
Summary 19 Tribromophenyl allyl ether 
Summary 20 Pentabromobenzyl acrylate  
Summary 21 Pentabromotoluene 
Summary 22 2,3-Dibromo-2-butene-1,4-diol 
Summary 24 (and Summary 23) 2,4-Dibromophenol 
Summary 25 (and Summary 23) 2,4,6-Tribromophenol 
Summary 26 (and Summary 23) Pentabromophenol 
Summary 27 1,2-Bis(2,4,6-tribromophenoxy)ethane 
Summary 28 Tetrabromophthalic acid Na salt 
Summary 29 (and Summary 41 and 
Summary 79) 

Tetrabromophthalic acid diol (and diester of 
tetrabromophthalic acid and 1,2-
benzenedicarboxylic acid, 3,4,5,6-tetrabromo-, 
mixed esters with diethylene glycol and propylene 
glycol) 

Summary 30 Tetrabromophthalic anhydride 
Summary 36 Hexabromocyclododecane 
Summary 37 1,2-Dibromo-4-(1,2-dibromomethyl) cyclohexane 
Summary 38 Ethylene-bis(5,6-dibromonorbornane-2,3-

dicarboximide) 

Summary 40 1,3,5-tris(2,3-dibromo-propoxy)-2,4,6-triazine 
Summary 42 Bromo-chlorinated paraffins 
Summary 43 Tris(2,4-dibromophenyl) phosphate 
Summary 45 Chlorinated brominated phosphate ester 
Summary 80 Ethane-1,2-bis(pentabromophenyl) 
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BFRs identified as a moderate potential for occurrence in water sources 

Summary 3 Decabromodiphenyl ether 
Summary 4 (along with Summary 55) Octabromodiphenyl ether 
Summary 5 (along with Summary 55) Pentabromodiphenyl ether 
Summary 7 Tetrabromobisphenol-A bis-(2,3-

dibromopropylether) 
Summary 12 and Summary 13 Tetrabromobisphenol-A diglycidyl ether carbonate 

oligomer 
Summary 15 N,N’-Ethylene-bis(tetrabromophthalimide) 
Summary 32 Tetradecabromodiphenoxybenzene 
Summary 44 Tris(tribromoneopentyl) phosphate 
Summary 49 Pentabromoethylbenzene 
Summary 50 Tetrabromoxylene 
Summary 51 2,4,6-Tribromophenoxy-2,3-dibromopropane 
Summary 52 Hexabromobenzene 
Summary 53 Hexabromobiphenyl 
Summary 57 Pentabromochlorocyclohexane 
Summary 58 Tris(2,3-dibromopropyl) phosphate 
Summary 59 Bis(2,3-dibromopropyl) phosphate and salts 
Summary 64 Trichloromethyl tetrabromobenzene 
Summary 65 Pentabromophenyl benzoate 
Summary 66 1,4-Bis(bromomethyl)-tetrabromo benzene 
Summary 67 Bis-(2,3-dibromo-1-propyl) phthalate 
Summary 68 Hexabromocyclohexane 
Summary 69 5,6-dibromohexahydro-2-phenyl-4,7-methano-1H-

isoindole-1,3(2H)-dione 
Summary 73 Bis(1,3-dichloro-2-propyl)-(3-chloro-2,2-

dibromomethylpropyl) phosphate 
Summary 78 Phthalic acid, tetrabromo-bis(2-ethylhexyl) ester 
Summary 83 Brominated epoxy 

Summary 84 2,4,6-Tris(2,4,6-tribromophenoxy)-1,3,5-triazine 
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BFRs identified as a low potential for occurrence in water sources 

Summary 1 Decabromobiphenyl 
Summary 2 Benzene, 1,1'- 1,2-ethanediylbis(oxy) bis 2,3,4,5,6-

pentabromo- 
Summary 9 Tetrabromobisphenol-A bis-(allyl ether) 
Summary 11 Tetrabromobisphenol-A diglycidyl ether epoxy 

oligomer 
Summary 20 Polypentabromobenzyl acrylate 
Summary 31 1,3-Butadiene homopolymer brominated 
Summary 33 Poly(2,6-dibromophenylene oxide) 
Summary 34 Poly(tribromostyrene) 
Summary 35 Poly(dibromostyrene) 
Summary 39 Dibromostyrene grafted polypropylene 
Summary 46 Bromine-, chlorine and  phosphorus-containing 

polyol 
Summary 47 Dibromopropylacrylate 
Summary 48 Tetrabromodipentaerythritol 
Summary 54 Octabromobiphenyl 
Summary 56 Tetrabromobisphenol A-bis-(2-ethylether acrylate) 
Summary 60 Tetrabromo-2,3-dimethylbutane 
Summary 61 2,4,6-Tribromoaniline 
Summary 62 1-Pentabromophenoxy-2-propene 
Summary 63 2,4-dibromophenylglycidyl ether 
Summary 70 Hexachlorocyclopenta-dienyl-dibromocyclooctane 
Summary 71 Dibromochlordene 
Summary 72 Tris(2,4,6-tribromophenyl) phosphate 

Summary 74 Chlorinated phosphonic acid ester condensate with 
tris-dibromo-propyl-iso-cyanurate 

Summary 75 N-N'-Bis(tetrabromo phthalimide) 
Summary 76 Dibromoethyldibromocyclohexane 
Summary 77 Ammonium bromide 
Summary 81 Brominated polystyrene 
Summary 82 Physical blend of brominated polystyrene and a 

polyester resin 
Summary 85 Brominated epoxy polymer 

 

The available limited monitoring data suggest that widespread contamination of drinking water from BFRs 
would not be expected and, when present, the concentration would be expected to be very low (low ng/l 
levels). Worst case calculations indicate that higher concentrations could occur in some water sources 
close to industrial point sources of release, for example plastics processing or textile processing sites. 
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However the subsequent treatment processes used to purify the final drinking water would be expected to 
be effective at reducing these concentrations or removing these contaminants almost entirely. 

Overall, based on the information currently available, the substances in Table 17 are considered to have 
the highest potential for occurrence in water sources in England and Wales. There are a number of 
important data gaps that limit the robustness of the analysis that could be carried out, notably: 

• limited information on the actual levels of BFRs in drinking water and surface water worldwide; 

• lack of information on the current amounts, actual applications and sites of use of BFRs in England 
and Wales; 

• lack of information on the emissions to the environment; 

• lack of experimental information on the physico-chemical properties, degradation and effects of 
BFRs; and 

• lack of information on removal during treatment of drinking water. 

Despite these data gaps, the results from this study are still useful to drinking water companies and 
regulators as they provide useful information on the likely sources of BFRs in drinking water and their 
potential for occurrence in sources of drinking water. 

In terms of possible future work, one option that could be considered to reduce the uncertainty in this work 
is to carry out further monitoring for the levels of BFRs in drinking water sources in England and Wales. A 
limiting factor here may be the lack of suitable analytical methods for many of the BFRs, particularly if very 
low (sub-µg/l) levels need to be determined.  

An alternative option here would be to consider a review of the available data on BFRs in sediments in 
England and Wales as this could act as a useful marker for water sources where a higher risk of 
contamination from BFRs could occur. For example, many BFRs adsorb strongly to sediments and so the 
levels present in sediment tend to be much higher than in surface water at contaminated sites (for example 
see EC (2000a), EC (2002), EC (2003a), EC (2006), ECB (2004), ECB (2007a), ECB (2007b), ECB 
(2007c) and Dungey and Akintoye (2007). Thus a low level (or absence) of a given BFR in sediment from a 
water source would provide a strong indication that there is little or no risk of contamination of drinking 
water abstracted from the source. However, the presence of a high level of a BFR in sediment would 
provide some indication that drinking water abstracted from the water source may be at a higher risk from 
contamination from BFRs21. This would provide further useful information on the water sources that are 
either at a high or low risk from contamination with BFRs. Targeted monitoring of sediment from other water 
sources could also be considered to complement the published information. 

It may be possible to remove some of the uncertainties in this study by generating new information on the 
current amounts of BFRs used in England and Wales, the actual uses and sites of use of these BFRs, the 
emissions to the environment and the actual removal during treatment of drinking water. However this is 
likely to be time consuming and there is no guarantee that sufficient new information will be generated to 
address all of the uncertainties in the evaluation. It should be noted that, with the REACH Regulation now in 

                                                   
21 Contaminated sediment may act as a source of contamination of the water source even if direct 
discharge to the water source has ceased. 
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force, more information on the uses and releases of BFRs in England and Wales may become available in 
the future22 that may be useful to any update of this project. 

This work was funded by Defra (Project code CEER 0704) whose contribution is gratefully acknowledged. 
The views expressed in this report are those of the authors and do not necessarily reflect those of Defra. 

 

                                                   
22 It is likely, however, that some of this information will be considered to be confidential and so would not 
be made publicly available. 
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Abbreviations  

 

ABS Acrylonitrile-butadiene-styrene 

BDE 15 4,4’-Dibromodiphenyl ether 

BDE 28 2,4,4’-Tribromodiphenyl ether 

BDE 47 2,2’,4,4’-Tetrabromodiphenyl ether 

BDE 66 2,3’,4,4’-Tetrabromodiphenyl ether 

BDE 85 2,2’,3,4,4’-Pentabromodiphenyl ether 

BDE 99 2,2’,4,4’,5-Pentabromodiphenyl ether 

BDE 100 2,2’,4,4’,6-Pentabromodiphenyl ether 

BDE 138 2,2’,3,4,4’,5’-Hexabromodiphenyl ether 

BDE 153 2,2’,4,4’,5,5’-Hexabromodiphenyl ether 

BDE 154 2,2’,4,4’,5,6’-Hexabromodiphenyl ether 

BDE 183 2,2’,3,4,4’,5’,6-Heptabromodiphenyl ether 

BDE 196 2,2’,3,3’,4,4’,5,6’-Octabromodiphenyl ether 

BDE 203 2,2’,3,4,4’,5,5’,6-Octabromodiphenyl ether 

BDE 206 2,2’,3,3’,4,4’,5,5’,6-Nonabromodiphenyl ether 

BDE 207 2,2’,3,3’,4,4’,5,6,6’-Nonabromodiphenyl ether 

BDE 209 2,2’,3,3’,4,4’,5,5’,6,6’-Decabromodiphenyl ether 

DecaBDE Decabromodiphenyl ether (used here to refer to the commercial 
product) 

ESR Existing Substances Regulation 

EPDM Ethylene-propylene-diene monomer rubber 

EPS Expandable polystyrene 

EUSES European Union system for evaluation of substances 
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GAC Granular activated carbon 

HBCDD Hexabromocyclododecane 

HIPS High impact polystyrene 

HPV High production volume chemical in the EU (>1,000 tonnes/year) 

LPV Low production volume chemical in the EU (<1,000 tonnes/year) 

NONS Notification of new substances 

NTU Nephelometric turbidity unit 

OctaBDE Octabromodiphenyl ether (used here to refer to the commercial 
product) 

PentaBDE Pentabromodiphenyl ether (used here to refer to the commercial 
product) 

PBDE Polybrominated diphenyl ether 

PBT Poly(butylene terephthalate) 

PET Poly(ethylene terephthalate) 

TBBPA Tetrabromobisphenol-A 

REACH Registration, evaluation, authorisation and restriction of chemicals 

SAN Styrene-acrylonitrile 

SBR Styrene-butadiene rubber 

TGD Technical guidance document for risk assessment of new and existing 
substances 

WHO World Health Organization 
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Appendix A – Summary sheets for brominated flame retardants 

Summary 1 Decabromobiphenyl 99 
Summary 2 Benzene, 1,1’-1,2-ethanediylbis(oxy) bis 2,3,4,5,6-pentabromo- 101 
Summary 3 Decabromodiphenyl ether 103 
Summary 4 Octabromodiphenyl ether 105 
Summary 5 Pentabromodiphenyl ether 107 
Summary 6 Tetrabromobisphenol-A 109 
Summary 7 Tetrabromobisphenol-A bis-(2,3-dibromopropylether) 112 
Summary 8 Tetrabromobisphenol-A bis-(2-hydroxyethylether) 114 
Summary 9 Tetrabromobisphenol-A bis-(allyl ether) 116 
Summary 10 Tetrabromobisphenol-A dimethyl ether 118 
Summary 11 Tetrabromobisphenol-A diglycidyl ether epoxy oligomer 120 
Summary 12 Tetrabromobisphenol-A diglycidyl ether carbonate oligomer 122 
Summary 13 Tetrabromobisphenol-A diglycidyl ether carbonate oligomer 124 
Summary 14 Tetrabromobisphenol-S 126 
Summary 15 N,N’-Ethylene-bis(tetrabromophthalimide) 128 
Summary 16 Dibromopentylglycol 130 
Summary 17 Tribromoneopentylalcohol 132 
Summary 18 Vinylbromide 134 
Summary 19 Tribromophenyl allyl ether 136 
Summary 20 (Poly)pentabromobenzyl acrylate 138 
Summary 21 Pentabromotoluene 140 
Summary 22 2,3-Dibromo-2-butene-1,4-diol 142 
Summary 23 (Poly)bromophenols – see individual bromophenols 144 
Summary 24 2,4-Dibromophenol 146 
Summary 25 2,4,6-Tribromophenol 148 
Summary 26 Pentabromophenol 150 
Summary 27 1,2-Bis(2,4,6-tribromophenoxy)ethane 152 
Summary 28 Tetrabromophthalic acid Na salt 154 
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Summary 29 Tetrabromophthalic acid diol 156 
Summary 30 Tetrabromophthalic anhydride 158 
Summary 31 1,3-Butadiene homopolymer, brominated 160 
Summary 32 Tetradecabromodiphenyloxybenzene 162 
Summary 33 Poly(2,6-dibromophenylene oxide) 164 
Summary 34 Poly(tribromostyrene) 166 
Summary 35 Poly(dibromostyrene) 168 
Summary 36 Hexabromocyclododecane 170 
Summary 37 1,2-Dibromo-4-(1,2-dibromomethyl) cyclohexane 172 
Summary 38 Ethylene-bis(5,6-dibromonorbornane-2,3-dicarboxyimide) 174 
Summary 39 Dibromostyrene grafted polypropylene 176 
Summary 40 1,3,5-Tris(2,3-dibromo-propyxy)-2,4,6-triazine 178 
Summary 41 Diester of tetrabromophthalic acid 180 
Summary 42 Bromo-chlorinated paraffins 182 
Summary 43 Tris(2,4-dibromophenyl) phosphate 184 
Summary 44 Tris(tribromoneopentyl) phosphate 186 
Summary 45 Chlorinated brominated phosphate ester 188 
Summary 46 Bromine-, chlorine- and phosphorus-containing polyol 190 
Summary 47 Dibromopropylacrylate 192 
Summary 48 Tetrabromodipentaerythritol 194 
Summary 49 Pentabromobenzene 196 
Summary 50 Tetrabromoxylene 198 
Summary 51 2,4,6-Tribromophenoxy-2,3-dibromopropane 200 
Summary 52 Hexabromobenzene 202 
Summary 53 Hexabromobiphenyl 204 
Summary 54 Octabromobiphenyl 206 
Summary 55 Hexabromodiphenyl ether 208 
Summary 56 Tetrabromobisphenol-A-bis(2-ethylether acrylate) 210 
Summary 57 Pentabromochlorocyclohexane 212 
Summary 58 Tris(2,3-dibromopropyl) phosphate 214 
Summary 59 Bis(2,3-dibromopropyl) phosphate and salts 216 
Summary 60 Tetrabromo-2,3-dimethylbutane 218 
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Summary 61 2,4,6-Tribromoaniline 220 
Summary 62 1-Pentabromophenoxy-2-propene 222 
Summary 63 2,4-Dibromophenylglycidyl ether 224 
Summary 64 Trichloromethyl tetrabromobenzene 226 
Summary 65 Pentabromophenyl benzoate 228 
Summary 66 1,4-Bis(bromomethyl)-tetrabromobenzene 230 
Summary 67 Bis(2,3-dibromo-1-propyl) phthalate 232 
Summary 68 Hexabromocyclohexane 234 
Summary 69 5,6-Dibromohexahydro-2-phenyl-4,7-methano-1H-isoindole-1,3(2H)-

dione  236 
Summary 70 Hexachlorocyclopentadienyl-dibromocyclooctane 238 
Summary 71 Dibromochlordene 240 
Summary 72 Tris(2,4,6-tribromophenyl) phosphate 242 
Summary 73 Bis(1,3-dichloro-2-propyl)-(3-chloro-2,2-dibromomethylpropyl) 

phosphate  244 
Summary 74 Chlorinated phosphonic acid ester condensate with tris-

dibromopropyl-isocynayrate 246 
Summary 75 N,N’-Bis(tetrabromophthalimide) 248 
Summary 76 Dibromoethyldibromocyclohexane 250 
Summary 77 Ammonium bromide 252 
Summary 78 Phthalic acid, tetrabromo-bis(2-ethylhexyl) ester 254 
Summary 79 1,2-Benzenecarboxylic acid, 3,4,5,6-tetrabromo-, mixed esters with 
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 Summary 1 Decabromobiphenyl 

Identity 
Name Decabromobiphenyl 
CAS No: 13654-09-6 
Molecular formula: C12Br10 
Structure 

 
Other names 1,1'-Biphenyl, 2,2',3,3',4,4',5,5',6,6'-decabromo- 

Properties 
Property Value Source 
Molecular weight 943g/mole  
Melting point 375°C Experimental value: EPIWIN 

database 
Boiling point 592°C Estimated value: EPIWIN 
Log Kow 12.66 Estimated value: EPIWIN 
Water solubility at 25°C 1.2×10-6 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 5.3×10-8 Pa Experimental value: EPIWIN 

database 
Henry’s law constant 6.8×10-3 Pa m3/mol Estimated value: EPIWIN 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 30,683 hours Estimated value: EPIWIN 
Koc 4.0×107 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

2.45×10-6% to air 
92% to sludge 

8.02% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Effective Expert judgement 

Uses 
Moderate (1,000-5,000 
tonnes/year worldwide) 

WHO, 1997 

CAS Number not listed as a LPV 
or HPV in the EU 

EISIS 

Tonnage 

No longer in commercial use (see  
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below) 

Flame retardant type Additive  
Uses ABS, polystyrene WHO, 1997 
Registered trade names and 
registered trade marks 

  

Comments 
Production and use in OECD countries ceased at the end of 2000 as a result of a Voluntary Industry 
Commitment.  

Preliminary assessment of potential for occurrence in water sources 
Was used in the past (up to 2000), but no current use. Articles containing the substance could still however 
be in use. 
Additive flame retardant and so has potential for release from articles. 
High removal from waste water predicted during effluent treatment. Likely to be removed by filtration and 
UV during treatment of drinking water. 
Very low water solubility, vapour pressure and very high log Kow means that, in water, it will partition mainly 
to particulate matter and sediments. 
Overall low potential for current occurrence in water sources.  
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Summary 2 Benzene, 1,1’-1,2-ethanediylbis(oxy) bis 2,3,4,5,6-pentabromo- 

Identity 
Name Benzene, 1,1'- 1,2-ethanediylbis(oxy) bis 2,3,4,5,6-pentabromo- 
CAS No: 61262-53-1 
Molecular formula: C14H4Br10O2 
Structure 

 
Other names  

Properties 
Property Value Source 
Molecular weight 1,003 g/mole  
Melting point 271°C Estimated value: EPIWIN 
Boiling point 625°C Estimated value: EPIWIN 
Log Kow 12.71 Estimated value: EPIWIN 
Water solubility at 25°C 1.0×10-6 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 4.3×10-12 Pa Estimated value: EPIWIN 
Henry’s law constant 1.28×10-3 Pa m3/mol Estimated value: EPIWIN 
Biodegradability Not readily biodegradable  Estimated value: EPIWIN 
Atmospheric half-life 27 hours Estimated value: EPIWIN 
Koc 4.26×107 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

4.35×10-7% to air 
92% to sludge 

8.02% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Effective Expert judgement 

Uses 
CAS Number not listed as a LPV 
or HPV in the EU 

ESIS Tonnage 

Of low commercial importance Dungey and Akintoye, 2007 
Flame retardant type Additive Based on expert judgement 
Uses Of low commercial importance Dungey and Akintoye, 2007 
Registered trade names and   
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registered trade marks 
Comments 

WHO (1997) gives the name as decabromodiphenyl ethane for CAS number 61262-53-1. However the 
CAS number of decabromodiphenyl ethane is 84852-53-9 and this is considered under the preliminary 
assessment for bis(pentabromophenyl) ethane (Summary 80). 

Preliminary assessment of potential for occurrence in water sources 
Appears to be of limited commercial importance.  
Potentially an additive flame retardant if it were to be used and so would have potential for release from 
articles. 
Very low water solubility, vapour pressure and very high log Kow means that, in water, it will partition mainly 
to particulate matter and sediment. 
High removal from waste water predicted during effluent treatment. Likely to be removed by filtration and 
UV during treatment of drinking water. 
Overall low potential for current occurrence in water sources. 
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Summary 3 Decabromodiphenyl ether 

Identity 
Name Decabromodiphenyl ether 
CAS No: 1163-19-5 
Molecular formula: C12Br10O 
Structure 

 
Other names Benzene, 1,1'-oxybis 2,3,4,5,6-pentabromo- 
 Bis(pentabromophenyl)ether 

Properties 
Property Value Source 
Molecular weight 959 g/mole  
Melting point 300-310°C EC, 2002 
Boiling point decomposes at >320°C EC, 2002 
Log Kow 6.27 Measured value: EC, 2002 

(generator column method) 
Water solubility at 25°C <1×10-4 mg/l Measured value: EC, 2002 

(column elution method) 
Vapour pressure at 25°C 4.63×10-6 Pa (at 21°C) Measured value: EC, 2002 

(spinning rotor method) 
Henry’s law constant >44 Pa m3/mol Estimated value: EC, 2002* 
 4.51×10-3 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Not readily biodegradable EC, 2002 
Atmospheric half-life 2,256 hours Estimated value: EPIWIN (EC, 

2002) 
Koc 1.59×106 l/kg Value calculated from measured 

Kp(sed): EC, 2002 
Behaviour during biological waste 
water treatment 

0.3 % to air 
91.4 % to sludge 
8.3 % to surface water 

Estimated values: EC, 2002 

Filtration Effective Expert judgement 
   

Behaviour 
during 
treatment of 
drinking water UV Effective Expert judgement 

Uses 
Tonnage Up to 3,750 tonnes/year for an EC, 2002 
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EU country (see note below) 
UK consumption ~245 
tonnes/year 

Fisk et al. (2003) 

EU consumption around 8,200 
tonnes/year (mid 1990s) 

EC, 2002; Fisk et al., 2003 

EU consumption around 8,300 
tonnes/year (2003) with around 
1,300 tonnes being imported in 
fished articles  

ECB, 2004 

Flame retardant type Additive EC, 2002; Fisk et al., 2003 
Uses Flame retardant mostly used in 

applications in the plastics and 
textiles industries. In polymers the 
main use is in high impact 
polystyrene but it is also used in 
many other polymers. In the mid 
1990s around 82% of use was in 
plastics and 18% of use was in 
textiles. In 2003 around 70% of 
the use was in plastics and 30% 
in textiles. 

EC, 2002 and ECB, 2004 

Trade names and registered trade 
marks 

Saytex 102 
DE-83R; DE-83 
FR-1210 

 

Comments 
*A Henry’s Law constant of >44 Pa m3/mol (given in EC, 2002) was estimated from a water solubility of 
<0.1×10-3 mg/l and a vapour pressure of 4.63×10-6 Pa. This value is uncertain due to the difficulties in 
measuring reliable vapour pressures and water solubilities for this substance. 
Up to 5,000 tonnes/year of polybrominated diphenyl ethers were used in any one EU country in the mid 
1990’s. Assuming 75% of this is use is made up of decabromodiphenyl ether (as was the case at that time), 
a usage figure of 3,750 tonnes/year can be estimated for this substance (EC, 2002). 

Preliminary assessment of potential for occurrence in water sources 
Significant current use (~8,300 tonnes/year in the EU). 
Additive flame retardant in plastics and textiles and so has potential for release from articles. 
High removal from waste water predicted during effluent treatment. Likely to be removed by filtration and 
UV during treatment of drinking water. 
Very low water solubility, vapour pressure and very high log Kow means that, in water, it will partition mainly 
to particulate matter and sediments. 
Overall moderate potential for current occurrence in water sources. 
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Summary 4 Octabromodiphenyl ether 

Identity 
Name Octabromodiphenyl ether 
CAS No: 32536-52-0 
Molecular formula: C12H2Br8O 
Structure 

 
Other names Benzene, 1,1'-oxybis-, octabromo deriv. 

Properties 
Property Value Source 
Molecular weight 801 g/mole  
Melting point 167-257, 130-155, 70-150°C 

(commercial product has a 
melting range depending on the 

composition) 

EC, 2003a 

Boiling point Decomposes at elevated 
temperature 

EC, 2003a 

Log Kow 6.29 Measured value: EC, 2003a 
(generator column method)  

Water solubility at 25°C 5×10-4 mg/l  Measured value: EC, 2003a 
(generator column method) 

Vapour pressure at 25°C 6.59×10-6 Pa (at 21°C)  Measured value: EC, 2003a 
(spinning rotor gauge method) 

Henry’s law constant 10.6 Pa m3/mol Estimated value: EC, 2003a 
 0.03 Pa m3/mol Estimated value: EPIWIN (bond 

method) (EC, 2003)a 
Biodegradability Not readily biodegradable EC, 2003a 
Atmospheric half-life 1,824 hours Estimated value: EPIWIN (EC, 

2003a) 
Koc 1.36×106 l/kg Value extrapolated from 

measurements with other 
brominated diphenyl ethers: EC, 
2003a 

Behaviour during biological waste 
water treatment 

0.15 % to air 
91.4% to sludge 

8.46 % to surface water 

Estimated values: EC, 2003a 
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Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Effective Expert judgement 

Uses 
Up to 750 tonnes/year for an EU 
country in mid 1990s (see below) 

EC, 2003a 

EU consumption estimated as 
2,550 tonnes/year in mid 1990s 

EC, 2003a 

Tonnage 

EU consumption 450 tonnes/year 
in 1999 with around 1,350 
tonnes/year imported in finished 
articles 

EC, 2003a 

Flame retardant type Additive EC, 2003a; Fisk et al., 2003 
Uses Main use is in ABS polymer 

applications 
EC, 2003a 

Registered trade names and 
registered trade marks 

DE 79 
Saytex 111 

 

Comments 
Up to 5,000 tonnes/year of polybrominated diphenyl ethers are used in any one EU country in mid 1990s. 
Assuming 15% of this is use is made up of octabromodiphenyl ether (as was the case at the time), a usage 
figure of 750 tonnes/year can be estimated for this substance (EC, 2003a). 
The marketing and use of octabromodiphenyl ether in the EU has been restricted (banned) from 2004 
through Directive 2003/11/EC. The RHOS Directive (Directive 2002/95/EC) bans the use of the substance 
in electrical and electronic equipment. 
The octabromodiphenyl ether commercially supplied as a flame retardant is a complex substance 
consisting mainly of hexa- to nonabromodiphenyl ethers (EC, 2003a). 

Preliminary assessment of potential for occurrence in water sources 
Was used in the past (up to 2004) but no current use. Articles containing the substance could still however 
be in use. 
Additive flame retardant and so has potential for release from articles. 
High removal from waste water predicted during effluent treatment. Likely to be removed by filtration and 
UV during treatment of drinking water. 
Moderate water solubility, vapour pressure and log Kow means that, in water, it will partition mainly to 
particulate matter and sediments. 
Overall moderate potential for current occurrence in water sources. 
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Summary 5 Pentabromodiphenyl ether 

Identity 
Name Pentabromodiphenyl ether 
CAS No: 32534-81-9 
Molecular formula: C12H5Br5O 
Structure 

 
Other names Benzene, 1,1'-oxybis-, pentabromo deriv. 

Properties 
Property Value Source 
Molecular weight 565 g/mole  
Melting point -7 to -3°C EC, 2000a 
Boiling point Decomposes at >200°C  EC, 2000a 
Log Kow 6.57 Measured value: EC, 2000a 

(generator column method)  
 7.88 Calculated value: EC, 2000a 
Water solubility at 25°C 13.3×10-3 mg/l (product) 

2.4×10-3 mg/l (pentabromo 
diphenyl ether component) 

10.9×10-3 mg/l (tetrabromo 
diphenyl ether component) 

Measured values: EC, 2000a 
(generator column method) 

Vapour pressure at 25°C 4.69×10-5 Pa (at 21°C)  Measured value: EC, 2000a 
(spinning rotor gauge method)  

Henry’s law constant 11 Pa m3/mol Estimated value: EC, 2000a 
Biodegradability Not readily biodegradable EC, 2000a 
Atmospheric half-life 302 hours Estimated value: EC, 2000a 
Koc 556,801 l/kg Estimated value: EC, 2000a 
Behaviour during biological waste 
water treatment 

0.19% to air 
90.7% to sludge 

9.11% to surface water 

Estimated values: EC, 2000a 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
Tonnage Up to 500 tonnes/year for an EU 

country in the mid-1990s (see 
EC, 2000a 



 Brominated flame retardants - risks to UK drinking water sources 
 

 
BRE Client report number 242844  
Commercial in confidence 

© Building Research Establishment Ltd 2009  
 

 

note below) 
Around 1,100 tonnes/year 
estimated to be used in the EU in 
the mid-1990s 

EC, 2000a 

Flame retardant type Additive EC, 2000a; Fisk et al., 2003 
Uses Main use is in polyurethane foam EC, 2000a 
Registered trade names and 
registered trade marks 

Saytex 115 
DE-71 

 

Comments 
Up to 5,000 tonnes/year of polybrominated diphenyl ethers were used in any one EU country in the mid 
1990s. Assuming 15% of this is use was made up of pentabromodiphenyl ether (as was the case at the 
time), a usage figure of 500 tonnes/year can be estimated for this substance (EC, 2000a). 
The marketing and use of pentabromodiphenyl ether in the EU has been restricted (banned) from 2004 
through Directive 2003/11/EC. The RHOS Directive (Directive 2002/95/EC) bans the use of the substance 
in electrical and electronic equipment. 
The pentabromodiphenyl ether commercially supplied as a flame retardant is a complex substance 
consisting mainly of tetra- to hexabromodiphenyl ethers (EC, 2003a). 

Preliminary assessment of potential for occurrence in water sources 
Was used in the past (up to 2004) but no current use. Articles containing the substance could still however 
be in use. 
Additive flame retardant and so has potential for release from articles. 
High removal from waste water predicted during effluent treatment. Likely to be removed by filtration during 
treatment of drinking water. 
Moderate water solubility and vapour pressure and high log Kow means that, in water, it will partition to 
particulate matter and sediments but could still be present in the dissolved phase. 
Overall moderate potential for current occurrence in water sources. 
 

 



 Brominated flame retardants - risks to UK drinking water sources 
 

 
BRE Client report number 242844  
Commercial in confidence 

© Building Research Establishment Ltd 2009  
 

 

Summary 6 Tetrabromobisphenol-A 

Identity 
Name Tetrabromobisphenol-A 
CAS No: 79-94-7 
Molecular formula: C15H12Br4O2 
Structure 

 
Other names Phenol, 4,4'-(1-methylethylidene)bis 2,6-dibromo- 

Properties 
Property Value Source 
Molecular weight 544 g/mole  
Melting point 178; 181-182°C ECB, 2007b 
Boiling point ~316°C (decomposes at 200-

300°C) 
ECB, 2007b 

Log Kow 5.90 Measured value: ECB, 2007b 
(generator column method) 

Water solubility at 25°C 0.148 mg/l (pH 5) 
1.26 mg/l (pH 7) 
2.34 mg/l (pH 9) 

0.24 mg/l (pure water) 

Measured values: ECB, 2007b 
(generator column method) 

Vapour pressure at 25°C 6.24×10-6 Pa (25°C) 
<1.19 ×10-5 Pa (20°C) 

Measured values: ECB, 2007b 
(spinning rotor gauge method)  

Henry’s law constant <0.1 Pa m3/mol (20-25°C) Estimated value: ECB, 2007b 
Biodegradability Not readily biodegradable  
Atmospheric half-life 130 hours Estimated value: EPIWIN (ECB, 

2007b) 
Koc 49,726 and 147,360 l/kg Estimated values: ECB, 2007b 
Behaviour during biological waste 
water treatment 

1.3×10-3-3.2×10-3 % to air 
81.5-87.7% to sludge 

12.3-18.5% to surface water 

Estimated values: ECB, 2007b 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
Tonnage EU consumption ~13,800 ECB, 2007b 
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tonnes/year in 1999 
EU consumption was 6,500 
tonnes/year in 2003/2005 

ECB, 2007b 

An estimated total of 40,000 
tonnes/year is imported into the 
EU as the substance, and in 
finished/partly finished products.  

ECB, 2007b 

 

UK consumption ~1,200 
tonnes/year 

Fisk et al., 2003 

Flame retardant type Mainly used as a reactive flame 
retardant for epoxy and 
polycarbonate resins (~90% of 
use), but can also be used as an 
additive flame retardant in ABS 
(~10% of use). 

ECB, 2007b 

Uses Main use is in the manufacture of 
flame retarded epoxy and 
polycarbonate resins (reactive). 
Also used in the manufacture of 
acrylonitrile-butadiene-styrene 
(ABS) resins, high impact 
polystyrene (HIPS) and phenolic 
resins (additive). 

ECB, 2007b 

Registered trade names and 
registered trade marks 

BA-59P  
F-2016  
F-2400 
F-2400E 
FR-1524 
Fire Guard FG2000  
Firemaster BP 4A 
Saytex RB-100 
Saytex CP-2000 

ECB, 2007b 

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
Significant current use (~6.500 tonnes/year in the EU). 
Main use is as a reactive flame retardant (~90% of use) but some use as an additive flame retardant 
(~10%) and so has potential for release from articles. 
Moderate removal from waste water predicted during effluent treatment. Likely to be removed by filtration 
during treatment of drinking water. 
High water solubility, very low vapour pressure, and moderate log Kow means that, in water, although some 
partitioning to particulate matter and sediments will occur, the substance would also be expected to be 
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present in the dissolved phase. 
Overall high potential for current occurrence in water sources. 
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Summary 7 Tetrabromobisphenol-A bis-(2,3-dibromopropylether) 

Identity 
Name Tetrabromobisphenol-A bis-(2,3-dibromopropylether) 
CAS No: 21850-44-2 
Molecular formula: C21H20Br8O2 
Structure 

 
Other names Benzene, 1,1'-(1-methylethylidene)bis 3,5-dibromo-4-(2,3-

dibromopropoxy)- 
Properties 

Property Value Source 
Molecular weight 944 g/mole  
Melting point 281°C Estimated value: EPIWIN 
Boiling point 647°C Estimated value: EPIWIN 
Log Kow 11.5 Estimated value: EPIWIN 
Water solubility at 25°C 9.4×10-7 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 8.5×10-13 Pa Estimated value: EPIWIN 
Henry’s law constant 4.1×10-6 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 37 hours Estimated value: EPIWIN 
Koc 1.0×107 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

5.93×10-9 % to air 
91.9% to sludge 

8.07% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
Tonnage Moderate (1,000-5,000 

tonnes/year worldwide) 
WHO, 1997 
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Low production volume chemical 
in the EU (<1,000 tonnes/year) 

ESIS 

EU consumption >1,500 
tonnes/year 

Fisk et al., 2003 

Flame retardant type Additive Fisk et al., 2003 
Uses Polyolefin resins WHO, 1997 
Registered trade names and 
registered trade marks 

PE-68 
FR-720 

 

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
Significant current used in the EU (at amounts up to 1,000 tonnes/year).  
Main use as an additive flame retardant so has potential for release from articles. 
High removal from waste water predicted during effluent treatment. Likely to be removed by filtration during 
treatment of drinking water. 
Very low water solubility, vapour pressure and very high log Kow means that it, in water, it will partition 
mainly to particulate matter and sediments. 
Overall moderate potential for current occurrence in water sources. 
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Summary 8 Tetrabromobisphenol-A bis-(2-hydroxyethylether) 

Identity 
Name Tetrabromobisphenol-A bis-(2-hydroxyethylether) 
CAS No: 4162-45-2 
Molecular formula: C19H20Br4O4 
Structure 

 
Other names Ethanol, 2,2'- (1-methylethylidene)bis (2,6-dibromo-4,1-phenylene)oxy 

bis- 
Properties 

Property Value Source 
Molecular weight 632 g/mole  
Melting point 107°C Experimental value: EPIWIN 

database 
Boiling point 574°C Estimated value: EPIWIN 
Log Kow 6.78 Estimated value: EPIWIN 
Water solubility at 25°C 0.023 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 5.2×10-12 Pa Estimated value: EPIWIN 
Henry’s law constant 1.8×10-8 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 15 hours Estimated value: EPIWIN 
Koc 3.51×104 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

6.17×10-9% to air 
76.2% to sludge 

23.8% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
Tonnage Moderate (1,000-5,000 WHO, 1997 
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tonnes/year worldwide) 
Low production volume chemical 
in the EU (<1,000 tonnes/year) 

ESIS 

Flame retardant type Reactive and additive Fisk et al., 2003 
Uses Unsaturated and linear 

polyesters, epoxy thermoset 
resins and polyurethanes 

WHO, 1997 

Registered trade names and 
registered trade marks 

  

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
Significant currently use in the EU (at amounts up to 1,000 tonnes/year). 
Reactive and additive flame retardant and so has potential for release from articles. 
Moderate removal from waste water predicted during effluent treatment. Likely to be removed by filtration 
during treatment of drinking water. 
Moderate water solubility, very low vapour pressure and high log Kow. The moderate water solubility 
suggests that, in water, the substance may be present in the dissolved as well as particulate phase. 
Overall high potential for current occurrence in water sources. 
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Summary 9 Tetrabromobisphenol-A bis-(allyl ether) 

Identity 
Name Tetrabromobisphenol-A bis-(allyl ether) 
CAS No: 25327-89-3 
Molecular formula: C21H20Br4O2 
Structure 

 
Other names Benzene, 1,1'-(1-methylethylidene)bis 3,5-dibromo-4-(2-propenyloxy)- 

Properties 
Property Value Source 
Molecular weight 624 g/mole  
Melting point 119°C Experimental value: EPIWIN 

database 
Boiling point 509°C Estimated value: EPIWIN 
Log Kow 10.0  Estimated value: EPIWIN 
Water solubility at 25°C 3.4×10-6 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 2.7×10-7 Pa Estimated value: EPIWIN 
Henry’s law constant 0.013 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 6 hours Estimated value: EPIWIN 
Koc 1.66×106 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

1.13×10-4% to air 
91.6% to sludge 
8.4% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
Tonnage Moderate (1,000-5,000 

tonnes/year worldwide) 
WHO, 1997 
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Low production volume chemical 
in the EU (<1,000 tonnes/year) 

ESIS 

Flame retardant type Reactive Fisk et al., 2003 
Uses EPS, foamed polystyrene WHO, 1997 
Registered trade names and 
registered trade marks 

BE-51  

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
Significant current use in the EU (at amounts up to 1,000 tonnes/year). 
Reactive flame retardant so limited potential for release from articles. 
High removal from waste water predicted during effluent treatment. Likely to be removed by filtration during 
treatment of drinking water. 
Very low water solubility, vapour pressure and very high log Kow means that, in water, it will partition mainly 
to particulate matter and sediments. 
Overall low potential for occurrence in water sources. 
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Summary 10 Tetrabromobisphenol-A dimethyl ether 

Identity 
Name Tetrabromobisphenol-A dimethyl ether 
CAS No: 37853-61-5 
Molecular formula: C17H16Br4O2 
Structure 

 
Other names Benzene, 1,1'-(1-methylethylidene)bis 3,5-dibromo-4-methoxy- 

Properties 
Property Value Source 
Molecular weight 572 g/mole  
Melting point 196°C Estimated value: EPIWIN 
Boiling point 464°C Estimated value: EPIWIN 
Log Kow 8.33 Estimated value: EPIWIN 
Water solubility at 25°C 6.8×10-5 mg/l Measured value: ECB, 2007a 
Vapour pressure at 25°C 4.7×10-7 Pa Estimated value: EPIWIN 
Henry’s law constant 7.6×10-3 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 78 hours Estimated value: EPIWIN 
Koc 2.25×105 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

4.75×10-4 % to air 
89.1% to sludge 

10.9% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
Low (<1,000 tonnes/year 
worldwide) 

WHO, 1997 
 

CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Tonnage 

No know production or use  ECB, 2007b 
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Flame retardant type Reactive Fisk et al., 2003 
Uses EPS WHO, 1997 
Registered trade names and 
registered trade marks 

  

Comments 
Has been suggested as a possible degradation/metabolic product of tetrabromobisphenol-A (Summary 6). 
ECB (2007b) indicates that there is no current use in the EU and the main suppliers of the brominated 
flame retardants have indicated that the substance has never been used as a flame retardant in the EU. 
Although Fisk et al. (2003) indicates that this is a reactive flame retardant, the structure (lack of reactive 
groups) suggests that it is more likely to be used as a reactive flame retardant if there is any use. 

Preliminary assessment of potential for occurrence in water sources 
No current use in the EU and the main suppliers of the brominated flame retardants have indicated that the 
substance has never been used as a flame retardant in the EU. 
It is, however, a potential metabolite/degradation product of tetrabromobisphenol-A (Summary 6) and so 
should be considered alongside this substance in any future analysis. 
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Summary 11 Tetrabromobisphenol-A diglycidyl ether epoxy oligomer 

Identity 
Name Tetrabromobisphenol-A diglycidyl ether epoxy oligomer 
CAS No: 32844-27-2  
Molecular formula: Variable 
Structure Variable 
Other names Tetrabrombisphenol-A diglycidyl ether carbonate oligomer 

Properties 
Property Value Source 
Molecular weight Variable  
Melting point No estimate possible  
Boiling point No estimate possible  
Log Kow No estimate possible  
Water solubility at 25°C No estimate possible  
Vapour pressure at 25°C No estimate possible  
Henry’s law constant No estimate possible  
Biodegradability No estimate possible – 

considered unlikely to be readily 
biodegradable 

Expert judgement 

Atmospheric half-life No estimate possible  
Koc   
Behaviour during biological waste 
water treatment 

No estimate possible  

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
High (>5,000 tonnes/year 
worldwide) 

WHO, 1997 
 

CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Tonnage 

EU consumption >1,500 
tonnes/year 

Fisk et al., 2003 

Flame retardant type Reactive Fisk et al., 2003 
Uses Polyethylene, polypropylene, 

polystyrene, ABS, polyamides, 
linear polyester, polycarbonate, 
epoxide resins, unsaturated 
polyester and phenolic resins. 

WHO, 1997 
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Registered trade names and 
registered trade marks 

  

Comments 
Oligomeric substance. Molecular formula and molecular weight will vary depending on the number of 
monomeric units present. The CAS Number is not listed in EISIS and so it is not clear if it is currently used 
in the UK/EU.  
A similar (possibly the same substance) is tretrabromobisphenol-A diglycidyl ether oligomers (CAS Number 
68928-70-1). 

Preliminary assessment of potential for occurrence in water sources 
Not clear if currently used in the EU or UK. 
Reactive flame retardant so has potential for release. 
The substance is an oligomeric substance. It is not possible to estimate the properties for this substance. 
Overall it is not possible to asses the potential for current occurrence in water sources for this substance 
however based on a comparison with other similar reactive flame retardants a low potential for current 
occurrence in water sources may be expected.  
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Summary 12 Tetrabromobisphenol-A diglycidyl ether carbonate oligomer 

Identity 
Name Tetrabromobisphenol-A diglycidyl ether carbonate oligomer 

CAS No: 71342-77-3 
Molecular formula: Not clear 
Structure Not clear 
Other names Tetrabromobisphenol-A carbonate oligomer (fully brominated, 

phenoxy-terminated) 
Properties 

Property Value Source 
Molecular weight Variable  
Melting point No estimate possible  
Boiling point No estimate possible  
Log Kow No estimate possible  
Water solubility at 25°C No estimate possible  
Vapour pressure at 25°C No estimate possible  
Henry’s law constant No estimate possible  

Biodegradability No estimate possible – 
considered unlikely to be readily 

biodegradable 

Expert judgement 

Atmospheric half-life No estimate possible  

Koc No estimate possible  

Behaviour during biological waste 
water treatment 

No estimate possible  

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear  

Uses 
High (>5,000 tonnes/year 
worldwide) 

WHO, 1997 
 

Tonnage 

CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Reactive and additive WHO, 1997 
Uses Polyethylene, polypropylene, 

polystyrene, ABS, polyamide, 
linear polyester, polycarbonate, 
epoxide resins, unsaturated 
polyester and phenolic resins. 

WHO, 1997 

Registered trade names and 
registered trade marks 

BC58  
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Comments 
Related to Summary 13. 

Preliminary assessment of potential for occurrence in water sources 
Not clear if currently used in EU or UK but at least one product appears to be on the market worldwide. 
Additive and reactive flame retardant and so has potential for release from articles. 
It is not possible to estimate the properties of the substance. It appears that this substance is the phenoxy-
terminated (encapped) version of the substance in Summary 13. If this is the case then it would be 
expected to have a very low water solubility and vapour pressure and a high log Kow. On this basis, a high 
removal during waste water treatment would be expected, and effective removal from drinking water by 
filtration would be expected.  
Based on a qualitative evaluation, the substance is considered to have a moderate potential for current 
occurrence in water sources. 
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Summary 13 Tetrabromobisphenol-A diglycidyl ether carbonate oligomer 

Identity 
Name Tetrabromobisphenol-A diglycidyl ether carbonate oligomer 
CAS No: 94334-64-2 
Molecular formula: Variable 
Structure (C7H5O)(C16H10Br4O2)x where x = 3-5  
Other names  

Properties 
Property Value Source 
Molecular weight Variable  
Melting point No estimate possible  
Boiling point No estimate possible  
Log Kow No estimate possible  
Water solubility at 25°C No estimate possible  
Vapour pressure at 25°C No estimate possible  
Henry’s law constant No estimate possible  
Biodegradability No estimate possible – 

considered unlikely to be readily 
biodegradable 

Expert judgement 

Atmospheric half-life No estimate possible  
Koc No estimate possible  
Behaviour during biological waste 
water treatment 

No estimate possible  

Filtration Not clear Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
Tonnage CAS Number not listed as a LPV 

or HPV in the EU 
ESIS 

Flame retardant type Additive and reactive Fisk et al., 2003 
Uses Thermoplastic resin systems such 

as PBT, PET, PET/PBT blends, 
polycarbonate, ABS, ABS/ 
polycarbonate blends 
polysulphone and SAN. 

WHO, 1997 

Registered trade names and 
registered trade marks 

BC-52; BC-52HP  

Comments 
Related to Summary 12. 



 Brominated flame retardants - risks to UK drinking water sources 
 

 
BRE Client report number 242844  
Commercial in confidence 

© Building Research Establishment Ltd 2009  
 

 

Preliminary assessment of potential for occurrence in water sources 
Not clear if currently used in the EU or UK but at least two products appear to be on the market worldwide. 
Reactive flame and additive flame retardant so has potential for release. 
The substance is an oligomeric substance. It is not possible to estimate the properties for this substance. 
Overall it is not possible to asses the potential for current occurrence in water sources for this substance 
however based on a comparison with other similar additive flame retardants a moderate potential for 
current occurrence in water sources may be expected. 
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Summary 14 Tetrabromobisphenol-S 

Identity 
Name Tetrabromobisphenol-S 
CAS No: 39635-79-5 
Molecular formula: C12H6Br4O4S 
Structure 

 
Other names Phenol, 4,4'-sulfonylbis 2,6-dibromo- 

Properties 
Property Value Source 
Molecular weight 566 g/mole  
Melting point 234°C Estimated value: EPIWIN 
Boiling point 545°C Estimated value: EPIWIN 
Log Kow 5.21 Estimated value: EPIWIN 
Water solubility at 25°C 3.3 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 2.0×10-11 Pa Estimated value: EPIWIN 
Henry’s law constant 6.9×10-12 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 759 hours Estimated value: EPIWIN 
Koc 1.52×104 l/kg Estimated value: EUSES 

(phenols, anilines etc.) 
Behaviour during biological waste 
water treatment 

5.76×10-12% to air 
62.1% to sludge 

37.9% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear  

Uses 
Tonnage Low (<1,000 tonnes/year 

worldwide) 
WHO, 1997 
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CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Reactive Fisk et al., 2003 
Uses Used as an intermediate to 

produce other flame retardants. 
WHO, 1997 

Registered trade names and 
registered trade marks 

  

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
Not clear if there is a current use as a flame retardant in the EU or UK. 
Reactive flame retardant and so has limited potential for release from articles. 
Moderate removal from waste water predicted during effluent treatment. Likely to be removed by filtration 
during treatment of drinking water. 
High water solubility, very low vapour pressure and moderate log Kow indicates that, in water, although it 
will partition to particulate matter, the substance will also be present in the dissolved phase. 
Overall high potential for current occurrence in water sources. 
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Summary 15 N,N’-Ethylene-bis(tetrabromophthalimide) 

Identity 
Name N,N’-Ethylene-bis(tetrabromophthalimide) 
CAS No: 32588-76-4 
Molecular formula: C18H4Br8N2O4 
Structure 

 
Other names 1H-Isoindole-1,3(2H)-dione, 2,2'-(1,2-ethanediyl)bis 4,5,6,7-

tetrabromo- 
Properties 

Property Value Source 
Molecular weight 951 g/mole  
Melting point 350°C Estimated value: EPIWIN 
Boiling point 887°C Estimated value: EPIWIN 
Log Kow 9.80 Estimated value: EPIWIN 
Water solubility at 25°C 7.9×10-6 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 3.4×10-20 Pa Estimated value: EPIWIN 
Henry’s law constant 3.7×10-16 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 10 hours Estimated value: EPIWIN 
Koc 1.31×106 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

4.08×10-18% to air 
91.5% to sludge 

8.51% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Effective  Expert judgement 

Uses 
Moderate (1,000-5,000 
tonnes/year worldwide) 

WHO, 1997 Tonnage 

High production volume chemical ESIS 
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in the EU (>1,000 tonnes/year) 
EU consumption ~5,250 
tonnes/year 

Fisk et al., 2003 

Flame retardant type Additive Fisk et al., 2003 
Uses HIPS, polyethylene, 

polypropylene, thermoplastic 
polyesters, polyamide, EPDM, 
rubbers, polycarbonate, ethylene 
co-polymers, ionomer resins and 
textiles. 

WHO, 1997 

Registered trade names and 
registered trade marks 

CN-818 (historical?) 
Saytex BT-93W 
Saytex BT-93 

 

Comments 
WHO (1997) gives separate entries for ethylene-bis(tetrabromophthalimide) and N,N’-ethylene-
bis(tetrabromophthalimide) but the structure presented in WHO (1997) is the same in both cases. It is 
assumed here that these two names relate to the same substance. 

Preliminary assessment of potential for occurrence in water sources 
Significant current use in the EU (~5,250 tonnes/year). 
Additive flame retardant and so has potential for release from articles. 
High removal from waste water predicted during effluent treatment. Likely to be removed by filtration and 
UV during treatment of drinking water. 
Very low water solubility and vapour pressure and very high log Kow means that, in water, it will partition 
mainly to particulate matter and sediments. 
Overall moderate potential for occurrence in water sources. 
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Summary 16 Dibromopentylglycol 

Identity 
Name Dibromopentylglycol 
CAS No: 3296-90-0 
Molecular formula: C5H10Br2O2 
Structure 

 
Other names 1,3-Propanediol, 2,2-bis(bromomethyl)- 

Properties 
Property Value Source 
Molecular weight 262 g/mole  
Melting point 113°C Experimental value: EPIWIN 

database 
Boiling point 307°C Estimated value: EPIWIN 
Log Kow 1.06 Experimental value: EPIWIN 

database 
Water solubility at 25°C 38,000 mg/l Experimental value: EPIWIN 

database 
Vapour pressure at 25°C 8.6×10-4Pa Estimated value: EPIWIN 
Henry’s law constant 7.0×10-9 Pa m3/mol Estimated value: EPIWIN 
Biodegradability Readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 43 hours Estimated value: EPIWIN 
Koc 37.3 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

3.04×10-9% to air 
0.35% to sludge 

12.6% to surface water 

Estimated values: EUSES 

Filtration Not effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
High (>5,000 tonnes/year 
worldwide) 

WHO, 1997 
 

Tonnage 

Low production volume chemical 
in the EU (<1,000 tonnes/year) 

ESIS 

Flame retardant type Reactive Fisk et al., 2003 
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Uses Unsaturated polyesters, rigid 
polyurethane foams, elastomers 
and as an intermediate. 

 

Registered trade names and 
registered trade marks 

FR-522  

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
Significant current use in the EU (at amounts up to 1,000 tonnes/year). 
Reactive flame retardant and so has limited potential for release from articles. 
Moderate removal from waste water predicted during effluent treatment (the substance is thought to be 
readily biodegradable). Not likely to be effectively removed by filtration during treatment of drinking water. 
High water solubility, moderate vapour pressure and low log Kow value means that, in water, it will be 
present mainly in the dissolved phase, although some loss by volatilisation is possible. 
Overall high potential for current occurrence in water sources. 
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Summary 17 Tribromoneopentylalcohol 

Identity 
Name Tribromoneopentylalcohol 
CAS No: 36483-57-5 
Molecular formula: C5H9Br3O 
Structure 

 
Other names 1-Propanol, 2,2-dimethyl-, tribromo deriv. 

Properties 
Property Value Source 
Molecular weight 325 g/mole  
Melting point 74°C Estimated value: EPIWIN 
Boiling point 285°C Estimated value: EPIWIN 
Log Kow 2.85 Estimated value: EPIWIN 
Water solubility at 25°C 703 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 0.016 Pa Estimated value: EPIWIN 
Henry’s law constant 1.3×10-3 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Inherently biodegradable Estimated value: EPIWIN 
Atmospheric half-life 86 hours Estimated value: EPIWIN 
Koc 318 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

1.59×10-3% to air 
3.38% to sludge 

57.3% to surface water 

Estimated values: EUSES 

Filtration Unclear Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
Moderate (1,000-5,000 
tonnes/year worldwide) 

WHO, 1997 Tonnage 

CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Reactive Fisk et al., 2003 
Uses Rigid and flexible polyurethane 

foam and as an intermediate for 
production of other flame 

WHO, 1997 



 Brominated flame retardants - risks to UK drinking water sources 
 

 
BRE Client report number 242844  
Commercial in confidence 

© Building Research Establishment Ltd 2009  
 

 

retardants 
Registered trade names and 
registered trade marks 

FR-513  

Comments 
There is at least one major supplier of the substance in the world. 
Different isomers of this substance are possible. 

Preliminary assessment of potential for occurrence in water sources 
Not clear if currently used in the EU or UK but at least one product appears to be on the market worldwide. 
Reactive flame retardant and so has limited potential for release from articles. 
Low removal from waste water predicted during effluent treatment (the substance is expected to be 
inherently biodegradable). Not clear if it is likely to be effectively removed by filtration or UV during 
treatment of drinking water. 
High water solubility and vapour pressure and low log Kow value means that, in water, it will be present 
mainly in the dissolved phase, although some loss by volatilisation is possible. 
Overall high potential for current occurrence in water sources. 
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Summary 18 Vinylbromide 

Identity 
Name Vinylbromide 
CAS No: 593-60-2 
Molecular formula: C2H3Br 
Structure 

 
Other names Ethene, bromo- 

Properties 
Property Value Source 
Molecular weight 107 g/mole  
Melting point -138°C Experimental value: EPIWIN 

database 
Boiling point 16°C Experimental value: EPIWIN 

database 
Log Kow 1.57 Experimental value: EPIWIN 

database 
Water solubility at 25°C 10,400 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 1.7×105 Pa Experimental value: EPIWIN 

database 
Henry’s law constant 1.2×10-3 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 56 hours Estimated value: EPIWIN 
Koc 68.6 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

5.19×10-4% to air 
0.64% to sludge 

12.6% to surface water 

Estimated values: EUSES 

Filtration Not effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
Moderate (1,000-5,000 
tonnes/year worldwide) 

WHO, 1997 Tonnage 

CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Reactive Fisk et al., 2003 
Uses Monomeric reactive flame 

retardant. Modacrylic fibres. 
WHO, 1997 
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Registered trade names and 
registered trade marks 

  

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
Not clear if currently used in the EU or UK. 
Reactive flame retardant and so as limited potential for release from articles. 
Moderate removal from waste water predicted during effluent treatment. Not likely to be effectively removed 
from drinking water by filtration. 
High water solubility and vapour pressure and low log Kow means, that in water, the substance will be 
present mainly in the dissolved phase, although some loss by volatilisation is possible. 
Overall high potential for current occurrence in water sources. 
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Summary 19 Tribromophenyl allyl ether 

Identity 
Name Tribromophenyl allyl ether 
CAS No: 3278-89-5 
Molecular formula: C9H7Br3O 
Structure 

 
Other names Benzene, 1,3,5-tribromo-2-(2-propenyloxy)- 

Properties 
Property Value Source 
Molecular weight 371 g/mole  
Melting point 102°C Estimated value: EPIWIN 
Boiling point 323°C Estimated value: EPIWIN 
Log Kow 5.59 Estimated value: EPIWIN 
Water solubility at 25°C 1.3 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 0.013 Pa Estimated value: EPIWIN 
Henry’s law constant 44 Pa m3/mol Estimated value: EPIWIN 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 12 hours Estimated value: EPIWIN 
Koc 8,450 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

22.1% to air 
45% to sludge 

32.9% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
Low (<1,000 tonnes/year 
worldwide) 

WHO, 1997 
 

Tonnage 

Low production volume chemical 
in the EU (<1,000 tonnes/year) 

ESIS 

Flame retardant type Reactive Fisk et al., 2003 
Uses Expandable polystyrene and WHO, 1997 
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foamed polystyrene 
Registered trade names and 
registered trade marks 

PHE-65  

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
Significant current use in the EU (up to 1,000 tonnes/year). 
Reactive flame retardant and so has limited potential for release from articles. 
Moderate removal from waste water predicted during effluent treatment. Likely to be removed by filtration 
during treatment of drinking water. 
High water solubility and vapour pressure and moderate log Kow suggests that, in water, although some 
partitioning to particulate matter will occur, the substance may also be present in the dissolved phase. 
Overall high potential for current occurrence in water sources. 
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Summary 20 (Poly)pentabromobenzyl acrylate 

Identity 
Name (Poly)pentabromobenzyl acrylate 
CAS No: 59447-55-1 (monomer) and 59447-57-3 (polymer)   
Molecular formula: C10H5Br5O2 (monomer) 
Structure 

 (monomer) 
Other names  

Properties (monomer) 
Property Value Source 
Molecular weight 557 g/mole  
Melting point 171°C Estimated value: EPIWIN 
Boiling point 412°C Estimated value: EPIWIN 
Log Kow 6.89 Estimated value: EPIWIN 
Water solubility at 25°C 0.13 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 1.8×10-5 Pa Estimated value: EPIWIN 
Henry’s law constant 7.7×10-4 Pa m3/mol Estimated value: EPIWIN 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 36 hours Estimated value: EPIWIN 
Koc 4.01×104 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

2.37×10-4% to air 
77.8% to sludge 

22.2% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Effective Expert judgement 

Uses 
Moderate (1,000-5,000 
tonnes/year worldwide) 

WHO, 1997 
 

Tonnage 

Monomer is a low production 
volume chemical in the EU 
(<1,000 tonnes/year). The CAS 
number for the polymer does not 
appear on ESIS.  

ESIS 
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Monomer might not be available 
on the UK market 

Fisk et al., 2003 

Reactive (monomer) Fisk et al., 2003 
Additive (monomer) Fisk et al., 2003 

Flame retardant type 

Additive (polymer) Fisk et al., 2003 
Uses Polyamide, PBT, PET, ABS, 

polypropylene, polystyrene, 
polyamides, polyesters and 
polycarbonates 

WHO, 1997 

Registered trade names and 
registered trade marks 

FR-1205M (monomer) 
FR-1025 (polymer) 

 

Comments 
Estimated properties are for the monomer. 

Preliminary assessment of potential for occurrence in water sources 
Monomer 
Appears to be used in EU (up to 1,000 tonnes/year) but not clear if used in UK. There is at least one 
product supplied worldwide. 
Additive and reactive flame retardant and so has potential for release from articles. 
Moderate removal from waste water predicted during effluent treatment. Likely to be removed by filtration 
and UV during treatment of drinking water. 
High water solubility, moderate vapour pressure and high log Kow means that, in water, although it will 
partition to particulate matter, the substance may also be present in the dissolved phase. 
Overall high potential for current occurrence in water sources. 
 
Polymer 
There appears to be at least one product supplied worldwide. 
The physical nature of polymers (high molecular weight and generally very low solubility) means that it is 
unlikely that the polymer will occur in water sources at measurable concentrations. Therefore the polymer is 
judged to have an overall low potential for current occurrence in water sources. 
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Summary 21 Pentabromotoluene 

Identity 
Name Pentabromotoluene 
CAS No: 87-83-2 
Molecular formula: C7H3Br5 
Structure 

 
Other names Benzene, pentabromomethyl- 

Properties 
Property Value Source 
Molecular weight 487 g/mole  
Melting point 288°C Experimental value: EPIWIN 

database 
Boiling point 352°C Estimated value: EPIWIN 
Log Kow 6.99 Estimated value: EPIWIN 
Water solubility at 25°C 0.35 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 1.9×10-5 Pa Estimated value: EPIWIN 
Henry’s law constant 7.3 Pa m3/mol Estimated value: EPIWIN 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 2,082 hours Estimated value: EPIWIN 
Koc 4.52×104 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

1.71% to air 
78.5% to sludge 

19.8% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Effective Expert judgement 

Uses 
Moderate (1,000-5,000 
tonnes/year worldwide) 

WHO, 1997 
 

Tonnage 

Low production volume chemical 
in the EU (<1,000 tonnes/year) 

ESIS 

Flame retardant type Additive Based on structure and 



 Brominated flame retardants - risks to UK drinking water sources 
 

 
BRE Client report number 242844  
Commercial in confidence 

© Building Research Establishment Ltd 2009  
 

 

applications 
Uses Unsaturated polyesters, 

polyethylene, polypropylene, 
polystyrene, SBR-latex, textiles, 
rubber and ABS 

 

Registered trade names and 
registered trade marks 

  

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
Current significant used in the EU (up to 1,000 tonnes/year). 
Additive flame retardant and so has potential for release from articles. 
Moderate removal from waste water predicted during effluent treatment. Likely to be removed by filtration 
and UV during treatment of drinking water. 
High water solubility, moderate vapour pressure and high log Kow means that, in water, although it will 
partition to particulate matter, the substance may also be present in the dissolved phase. 
Overall high potential for current occurrence in water sources. 
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Summary 22 2,3-Dibromo-2-butene-1,4-diol 

Identity 
Name 2,3-Dibromo-2-butene-1,4-diol 
CAS No: 3234-02-4 
Molecular formula: C4H6Br2O2 
Structure 

 
Other names 2-Butene-1,4-diol, 2,3-dibromo- 

Properties 
Property Value Source 
Molecular weight 246 g/mole  
Melting point 67°C Estimated value: EPIWIN 
Boiling point 304°C Estimated value: EPIWIN 
Log Kow 0.35 Estimated value: EPIWIN 
Water solubility at 25°C 1.0×106 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 3.1×10-3 Pa Estimated value: EPIWIN 
Henry’s law constant 8.2×10-4 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 27 hours Estimated value: EPIWIN 
Koc 15.9 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

3.57×10-4% to air 
0.15% to sludge 

12.6% to surface water 

Estimated values: EUSES 

Filtration Not effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
Moderate (1,000-5,000 
tonnes/year worldwide) 

WHO, 1997 Tonnage 

CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Reactive  Fisk et al., 2003 
Uses Intermediate for production of 

flame retardants 
WHO, 1997 

Registered trade names and   
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registered trade marks 
Comments 

 
Preliminary assessment of potential for occurrence in water sources 

Not clear if currently used in the EU or UK. 
Reactive flame retardant and so has limited potential for release from articles. 
Moderate removal from waste water predicted during effluent treatment (the substance is considered to be 
readily biodegradable). Not likely to be effectively removed from drinking water by filtration. 
High water solubility and vapour pressure and low log Kow means that, in water, the substance is likely to 
be present mainly in the dissolved phase, although some loss by volatilisation could occur. 
Overall high potential for current occurrence in water sources. 
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Summary 23 (Poly)bromophenols – see individual bromophenols 

Identity 
Name (Poly)bromophenols 
CAS No:  
Molecular formula:  
Structure  
Other names  

Properties 
Property Value Source 
Molecular weight   
Melting point   
Boiling point   
Log Kow   
Water solubility at 25°C   
Vapour pressure at 25°C   
Henry’s law constant   
Biodegradability   
Atmospheric half-life   
Koc   
Behaviour during biological waste 
water treatment 

  

Filtration   Behaviour 
during 
treatment of 
drinking water 

UV   

Uses 
High (>5,000 tonnes/year 
worldwide) 

WHO, 1997 Tonnage 

Name not found listed as a LPV 
nor HPV in the EU 

ESIS 

Flame retardant type   
Uses Epoxy resins, phenolic resins, 

polyester resins, polyolefins and 
as an intermediate 

WHO, 1997 

Registered trade names and 
registered trade marks 

  

Comments 
See individual bromophenols (Summary 24, Summary 25 and Summary 26). 

Preliminary assessment of potential for occurrence in water sources 
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See individual bromophenols (Summary 24, Summary 25 and Summary 26). 
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Summary 24 2,4-Dibromophenol 

Identity 
Name 2,4-Dibromophenol 
CAS No: 615-58-7 
Molecular formula: C6H4Br2O 
Structure 

 
Other names Phenol, 2,4-dibromo- 

Properties 
Property Value Source 
Molecular weight 252 g/mole  
Melting point 38°C Experimental value: EPIWIN 

database 
Boiling point 239°C Experimental value: EPIWIN 

database 
Log Kow 3.22 Experimental value: EPIWIN 

database 
Water solubility at 25°C 1,900 mg/l (at 15°C) Experimental value: EPIWIN 

database 
Vapour pressure at 25°C 2.1 Pa Estimated value: EPIWIN 
Henry’s law constant 0.012 Pa m3/mol Estimated value: EPIWIN 
Biodegradability Inherently biodegradable Estimated value: EPIWIN 
Atmospheric half-life 134 hours Estimated value: EPIWIN 
Koc 848 l/kg Estimated value: EUSES 

(phenols, anilines etc.) 
Behaviour during biological waste 
water treatment 

0.0138% to air 
8.46% to sludge 

54.4% to surface water 

Estimated values: EUSES 

Filtration Unclear Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
High (>5,000 tonnes/year 
worldwide) 

WHO, 1997 
 

Low production volume chemical 
in the EU (<1,000 tonnes/year) 

ESIS 

Tonnage 

EU consumption >1,500 Fisk et al., 2003 
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tonnes/year 
Flame retardant type Reactive Fisk et al., 2003 
Uses Epoxy resins, phenolic resins, 

polyester resins, polyolefins and 
as an intermediate 

WHO, 1997 

Registered trade names and 
registered trade marks 

  

Comments 
Fisk et al. (2003) indicates that although this substance has been identified in WHO (1997) as a flame 
retardant, it has been indicated by Industry that in fact the substance is used as an end-capper. This could, 
however, still be considered a reactive flame retardant application. 

Preliminary assessment of potential for occurrence in water sources 
Significant current use in the EU (up to around 1,000-1,500 tonnes). 
Reactive flame retardant (may be used as an end-capper) and so has limited potential for release from 
articles. 
Low removal from waste water predicted during effluent treatment (the substance is expected to be 
inherently biodegradable). Unclear if it will be effectively removed from drinking water by filtration or UV 
treatment. 
High water solubility and vapour pressure and moderate-low log Kow means that, in water it will be found 
mainly in the dissolved phase, although loss by volatilisation could occur. 
Overall high potential for current occurrence in water sources. 
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Summary 25 2,4,6-Tribromophenol 

Identity 
Name 2,4,6-Tribromophenol 
CAS No: 118-79-6 
Molecular formula: C6H3Br3O 
Structure 

 
Other names Phenol, 2,4,6-tribromo- 

Properties 
Property Value Source 
Molecular weight 331 g/mole  
Melting point 96°C Experimental value: EPIWIN 

database 
Boiling point 286°C Estimated value: EPIWIN 
Log Kow 4.13 Experimental value: EPIWIN 

database 
Water solubility at 25°C 70 mg/l (at 15°C) Experimental value: EPIWIN 

database 
Vapour pressure at 25°C 0.040 Pa Estimated value: EPIWIN 
Henry’s law constant 4.8×10-3 Pa m3/mol Estimated value: EPIWIN 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 811 hours Estimated value: EPIWIN 
Koc 3,170 l/kg Estimated value: EUSES 

(phenols, anilines etc.) 
Behaviour during biological waste 
water treatment 

6.71×10-3% to air 
27.8% to sludge 

72.2% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
High (>5,000 tonnes/year 
worldwide) 

WHO, 1997 
 

High production volume chemical 
in the EU (>1,000 tonnes/year) 

ESIS 

Tonnage 

EU consumption >1,500 Fisk et al., 2003 
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tonnes/year 
Flame retardant type Reactive Fisk et al., 2003 
Uses Epoxy resins, phenolic resins, 

polyester resins, polyolefins and 
as an intermediate 

 

Registered trade names and 
registered trade marks 

PH-73FF 
FR-613 

 

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
Significant current use in the EU (up to around 1,000-1,500 tonnes). 
Reactive flame retardant and so has limited potential for release from articles. 
Low removal from waste water predicted during effluent treatment. Likely to be removed from drinking 
water by filtration. 
High water solubility and vapour pressure and moderate log Kow means that, in water it will be found 
mainly in the dissolved phase, although some adsorption to particulates and loss by volatilisation could 
occur. 
Overall high potential for current occurrence in water sources. 
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Summary 26 Pentabromophenol 

Identity 
Name Pentabromophenol 
CAS No: 608-71-9 
Molecular formula: C6HBr5O 
Structure 

 
Other names Phenol, pentabromo- 

Properties 
Property Value Source 
Molecular weight 489 g/mole  
Melting point 230°C Experimental value: EPIWIN 

database 
Boiling point 375°C Estimated value: EPIWIN 
Log Kow 5.96 Estimated value: EPIWIN 
Water solubility at 25°C 34 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 6.8×10-6 Pa Estimated value: EPIWIN 
Henry’s law constant 8.4×10-4 Pa m3/mol Estimated value: EPIWIN 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 854 hours Estimated value: EPIWIN 
Koc 4.51×104 l/kg Estimated value: EUSES 

(phenols, anilines etc.) 
Behaviour during biological waste 
water treatment 

2.33×10-4% to air 
79.2% to sludge 

20.8% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Effective Expert judgement 

Uses 
High (>5,000 tonnes/year 
worldwide) 

WHO, 1997 

CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Tonnage 

EU consumption >1,500 
tonnes/year 

Fisk et al., 2003 
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Flame retardant type Reactive Fisk et al., 2003 
Uses Epoxy resins, phenolic resins, 

polyester resins, polyolefins and 
as an intermediate 

WHO, 1997 

Registered trade names and 
registered trade marks 

  

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
Not entirely clear if currently used in the EU (one source reports the EU consumption as >1,500 
tonnes/year). 
Reactive flame retardant and so has limited potential for release from articles. 
Moderate removal from waste water predicted during effluent treatment. Likely to be removed by filtration 
and UV during treatment of drinking water. 
High water solubility, very low vapour pressure and moderate log Kow means that, in water, although 
adsorption to particulates will occur the substance may also be present in the dissolved phase. 
Overall high potential for current occurrence in water sources. 
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Summary 27 1,2-Bis(2,4,6-tribromophenoxy)ethane 

Identity 
Name 1,2-Bis(2,4,6-tribromophenoxy)ethane  
CAS No: 37853-59-1 
Molecular formula: C14H8Br6O2 
Structure 

 
Other names Benzene, 1,1'- 1,2-ethanediylbis(oxy) bis 2,4,6-tribromo- 

Properties 
Property Value Source 
Molecular weight 688 g/mole  
Melting point 214°C Estimated value: EPIWIN 
Boiling point 502°C Estimated value: EPIWIN 
Log Kow 9.15 Estimated value: EPIWIN 
Water solubility at 25°C 2.2×10-4 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 3.2×10-8 Pa Estimated value: EPIWIN 
Henry’s law constant 0.043 Pa m3/mol Estimated value: EPIWIN 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 26 hours Estimated value: EPIWIN 
Koc 6.0×105 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

1.03×10-3% to air 
90.9% to sludge 
9.1% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
Low (<1,000 tonnes/year 
worldwide) or moderate (1,000-
2,000 tonnes/year) 

WHO, 1997 
 

Tonnage 

Low production volume chemical 
in the EU (<1,000 tonnes/year) 

ESIS 

Flame retardant type Additive Fisk et al., 2003 
Uses Thermoplastics such as ABS and 

HIPS. Other uses identified 
include elastomers, 

WHO, 1997 
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polycarbonate, coatings, 
unsaturated polyesters, 
adhesives and textiles. 

Registered trade names and 
registered trade marks 

FF-680  

Comments 
WHO (1997) appears to list this substance twice as there are entries under the names 1,2-bis(2,4,6-
tribromophenoxy)ethane (CAS 37853-59-1) and bis(tribromophenoxy) ethane and the same structure is 
presented in both cases. However, the tonnage used (low or moderate) and the uses specified are different 
for the two entries. The entries in WHO (1997) have been amalgamated in the summary above. 

Preliminary assessment of potential for occurrence in water sources 
Significant current use in the EU (up to 1,000 tonnes/year). 
Additive flame retardant and so has potential for release from articles. 
High removal from waste water predicted during effluent treatment. Likely to be removed by filtration during 
treatment of drinking water. 
Moderate water solubility, very low vapour pressure and high log Kow means that, in water, although it will 
partition significantly to particulate matter, the substance may also be present in the dissolved phase. 
Overall high potential for current occurrence in water sources. 
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Summary 28 Tetrabromophthalic acid Na salt 

Identity 
Name Tetrabromophthalic acid Na salt 
CAS No: 25357-79-3 
Molecular formula: C8Br4O4Na2 
Structure 

 
Other names 1,2-Benzenedicarboxylic acid, 3,4,5,6-tetrabromo-, disodium salt 

Properties 
Property Value Source 
Molecular weight 526 g/mole  
Melting point 264°C Estimated value: EPIWIN 
Boiling point 610°C Estimated value: EPIWIN 
Log Kow -1.20 Estimated value: EPIWIN 
Water solubility at 25°C 74 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 1.3×10-11 Pa Estimated value: EPIWIN 
Henry’s law constant 5.6×10-9 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 15,800 hours Estimated value: EPIWIN 
Koc 2.49 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

1.12×10-8% to air 
0.03% to sludge 

100% to surface water 

Estimated values: EUSES 

Filtration Not effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Effective Expert judgement 

Uses 
Low (<1,000 tonnes/year 
worldwide) 

WHO, 1997 
 

Tonnage 

Low production volume chemical 
in the EU (<1,000 tonnes/year) 

ESIS 

Flame retardant type Reactive (and additive; see Fisk et al., 2003; WHO, 1997 
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below) 
Uses Additive flame retardant in 

unsaturated polyesters and rigid 
polyurethane foams. 
Reactive flame retardant/ 
intermediate for polyols, esters, 
imides, paper, textiles and 
epoxides. 

WHO, 1997 

Registered trade names and 
registered trade marks 

  

Comments 
The substance also appears to be used in the leather processing industry. 
Fisk et al. (2003) indicates that the substance is a reactive flame retardant but WHO (1997) indicates that it 
may also be used as an additive in some applications although it is not entirely clear if the additive use 
relates to the use of derivatives made from the substance or the use of the substance itself..  

Preliminary assessment of potential for occurrence in water sources 
Significant current use in the EU (up to 1,000 tonnes/year). 
Reactive and also possibly an additive flame retardant. The main applications appear to be reactive uses 
but additive uses cannot currently be ruled out. Therefore there is potential for the substance to be released 
from articles. 
Very low removal from waste water predicted during effluent treatment. Likely to be removed by UV during 
treatment of drinking water. 
High water solubility, very low vapour pressure and low log Kow value means that, in water, the substance 
is likely to be present mainly in the dissolved phase. 
Overall high potential for current occurrence in water sources. 
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Summary 29 Tetrabromophthalic acid diol 

Identity 
Name Tetrabromophthalic acid diol  
CAS No: 20566-35-2  
Molecular formula: C15H16Br4O7 
Structure 

 
Other names 2-Hydroxypropyl-oxy-2-(2-hydroxyethyl)-ethyltetrabromophthalate or 

1,2-Benzenedicarboxylic acid, 3,4,5,6-tetrabromo-, 2-(2-
hydroxyethoxy)ethyl 2-hydroxypropyl ester 

Properties 
Property Value Source 
Molecular weight 628 g/mole  
Melting point 230°C Estimated value: EPIWIN 
Boiling point 538°C Estimated value: EPIWIN 
Log Kow 3.83 Estimated value: EPIWIN 
Water solubility at 25°C 769 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 3.2×10-12 Pa Estimated value: EPIWIN 
Henry’s law constant 2.3×10-16 Pa m3/mol Estimated value: EPIWIN 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 13 hours Estimated value: EPIWIN 
Koc 1,030 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

4.04×10-16% to air 
11.3% to sludge 

88.7% to surface water 

Estimated values: EUSES 

Filtration Unclear Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Effective Expert judgement 

Uses 
Moderate (1,000-5,000 
tonnes/year worldwide) 

WHO, 1997 
 

Tonnage 

Low production volume chemical 
in the EU (<1,000 tonnes/year) 

ESIS 
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Flame retardant type Reactive Fisk et al., 2003 
Uses Polyurethane foams WHO, 1997 
Registered trade names and 
registered trade marks 

PHT4-DIOL 
Saytex RB-79 
Saytex RB7980 

 

Comments 
Also reported to be used in wool and leather (WHO, 1997). 
The same CAS Number is given for diester of terabromophthalic acid (Summary 41). The same (or similar) 
substance also appears under CAS Number 77098-07-8 (Summary 79). 

Preliminary assessment of potential for occurrence in water sources 
Significant current use in the EU (up to 1,000 tonnes/year). 
Reactive flame retardant and so has limited potential for release from articles. 
Low removal from waste water predicted during effluent treatment. Likely to be removed by UV during 
treatment of drinking water. 
High water solubility, very low vapour pressure and moderate-low log Kow means that, in water, the 
substance will be found in the dissolved phase, although some partitioning to particulates could occur. 
Overall high potential for current occurrence in water sources. 
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Summary 30 Tetrabromophthalic anhydride 

Identity 
Name Tetrabromophthalic anhydride 
CAS No: 632-79-1 
Molecular formula: C8Br4O3 
Structure 

 
Other names 1,3-Isobenzofurandione, 4,5,6,7-tetrabromo- 

Properties 
Property Value Source 
Molecular weight 464 g/mole  
Melting point 275°C Experimental value: EPIWIN 

database 
Boiling point 394°C Estimated value: EPIWIN 
Log Kow 5.63 Estimated value: EPIWIN 
Water solubility at 25°C 65 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 2.7×10-6 Pa Estimated value: EPIWIN 
Henry’s law constant 0.016 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 15,800 hours Estimated value: EPIWIN 
Koc 8,860 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

0.0145% to air 
50.4% to sludge 

49.6% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Effective Expert judgement 

Uses 
High (>5,000 tonnes/year 
worldwide) 

WHO, 1997 
 

Low production volume chemical 
in the EU (<1,000 tonnes/year) 

ESIS 

Tonnage 

EU consumption >1,500 Fisk et al., 2003 
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tonnes/year 
Flame retardant type Reactive (with minor additive 

uses) 
Fisk et al., 2003; WHO, 1997 

Uses Used mainly as a reactive flame 
retardant for unsaturated 
polyesters and rigid polyurethane 
foams.  
Also used as a reactive 
intermediate for polyols, esters, 
imides, paper, textiles and 
epoxides. 
Can also be used as an additive 
flame retardant (minor use). 

WHO, 1997 

Registered trade names and 
registered trade marks 

PHT4 
Saytex RB-49 

 

Comments 
The substance hydrolyses rapidly to tetrabromophthalic acid (Summary 28). The environmental fate, 
behaviour and effects of this hydrolysis product will be more relevant for the assessment than those of the 
anhydride. 

Preliminary assessment of potential for occurrence in water sources 
Significant current use in EU (up to around 1,000-1,500 tonnes/year). 
Mainly used as a reactive flame retardant (there may be some minor additive use) and so has limited 
potential for release from articles. 
Moderate removal from waste water during effluent treatment. Likely to be removed by filtration and UV 
during treatment of drinking water. 
High water solubility, low vapour pressure and moderate log Kow mean that, in water, the substance will be 
found in the dissolved phase, although some partitioning to particulates could occur. 
Overall high potential for current occurrence in water sources but the substance will hydrolyse to form 
tetrabromophthalic acid (Summary 28). 
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Summary 31 1,3-Butadiene homopolymer, brominated 

Identity 
Name 1,3-Butadiene homopolymer brominated 
CAS No: 68441-46-3 
Molecular formula: Variable 
Structure Variable 
Other names  

Properties 
Property Value Source 
Molecular weight Variable  
Melting point No estimate possible  
Boiling point No estimate possible  
Log Kow No estimate possible  
Water solubility at 25°C No estimate possible  
Vapour pressure at 25°C No estimate possible  
Henry’s law constant No estimate possible  
Biodegradability No estimate possible – 

considered unlikely to be readily 
biodegradable 

Expert judgement 

Atmospheric half-life No estimate possible  
Koc No estimate possible  
Behaviour during biological waste 
water treatment 

No estimate possible  

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
Low (<1,000 tonnes/year 
worldwide) 

WHO, 1997 
 

Tonnage 

CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Additive (polymer) WHO, 1997 
Uses Elastomers WHO, 1997 
Registered trade names and 
registered trade marks 

  

Comments 
This appears to be a brominated polymer. 

Preliminary assessment of potential for occurrence in water sources 
Not clear if currently used in the EU. 
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The physical nature of polymers (high molecular weight and generally very low solubility) means that it is 
unlikely that the polymer will occur in drinking water at measurable concentrations. Therefore the polymer is 
judged to have an overall low potential for current occurrence in water sources. 
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Summary 32 Tetradecabromodiphenyloxybenzene 

Identity 
Name Tetradecabromodiphenoxybenzene 
CAS No: 58965-66-5 
Molecular formula: C18Br14O2 
Structure 

 
Other names Benzene, 1,2,4,5-tetrabromo-3,6-bis(pentabromophenoxy)- 

Properties 
Property Value Source 
Molecular weight 1,367 g/mole  
Melting point 350°C Estimated value: EPIWIN 
Boiling point 809°C Estimated value: EPIWIN 
Log Kow 16.9 Estimated value: EPIWIN 
Water solubility at 25°C 1.4×10-6 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 4.9×10-18 Pa Estimated value: EPIWIN 
Henry’s law constant 7.1×10-6 Pa m3/mol Estimated value: EPIWIN 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 7,050 hours Estimated value: EPIWIN 
Koc 6.43×109 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

1.6×10-11% to air 
92% to sludge 
8% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Effective Expert judgement 

Uses 
Moderate (1,000-5,000 
tonnes/year worldwide) 

WHO, 1997 
 

Tonnage 

Low production volume chemical 
in the EU (<1,000 tonnes/year) 

ESIS 

Flame retardant type Additive Fisk et al., 2003 
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Uses Engineering thermoplastics, 
resins and alloys, polyolefins, wire 
and cable and styrenic resins. 

WHO, 1997 

Registered trade names and 
registered trade marks 

Saytex 120  

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
Significant current use in the EU (up to 1,000 tonnes/year). 
Additive flame retardant and so has potential for release for articles. 
High removal from waste water predicted during effluent treatment. Likely to be removed by filtration and 
UV during treatment of drinking water. 
Very low water solubility and vapour pressure and very high log Kow means that, in water, it will partition 
mainly to particulate matter and sediments. 
Overall moderate potential for occurrence in water sources. 
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Summary 33 Poly(2,6-dibromophenylene oxide) 

Identity 
Name Poly(2,6-dibromophenylene oxide) 
CAS No: 69882-11-7 
Molecular formula:  
Structure 

 
Other names  

Properties 
Property Value Source 
Molecular weight Variable  
Melting point No estimate possible  
Boiling point No estimate possible  
Log Kow No estimate possible  
Water solubility at 25°C No estimate possible  
Vapour pressure at 25°C No estimate possible  
Henry’s law constant No estimate possible  
Biodegradability No estimate possible – 

considered unlikely to be readily 
biodegradable 

Expert judgement 

Atmospheric half-life No estimate possible  
Koc No estimate possible  
Behaviour during biological waste 
water treatment 

No estimate possible  

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
Moderate (1,000-5,000 
tonnes/year worldwide) 

WHO, 1997 
 

Tonnage 

CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Additive (polymer) Fisk et al., 2003 
Uses Crystalline polymer polyamide, 

thermoplastic polyester resins, 
polystyrenes, polyamides, 
polycarbonate and ABS. 

WHO, 1997 
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Registered trade names and 
registered trade marks 

  

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
Not clear if in current use in the EU. 
The physical nature of polymers (high molecular weight and generally very low solubility) means that it is 
unlikely that the polymer will occur in water sources at measurable concentrations. Therefore the polymer is 
judged to have an overall low potential for current occurrence in water sources. 
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Summary 34 Poly(tribromostyrene) 

Identity 
Name Poly(tribromostyrene) 
CAS No: 57137-10-7  
Molecular formula:  
Structure 

 
Other names Brominated polystyrene 

Properties 
Property Value Source 
Molecular weight Variable  
Melting point No estimate possible  
Boiling point No estimate possible  
Log Kow No estimate possible  
Water solubility at 25°C No estimate possible  
Vapour pressure at 25°C No estimate possible  
Henry’s law constant No estimate possible  
Biodegradability No estimate possible – 

considered unlikely to be readily 
biodegradable 

Expert judgement 

Atmospheric half-life No estimate possible  
Koc No estimate possible  
Behaviour during biological waste 
water treatment 

No estimate possible  

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
Moderate (1,000-5,000 
tonnes/year worldwide) 

WHO, 1997 
 

Tonnage 

CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Additive (polymer) Fisk et al., 2003 
Uses Polyethylene, linear polyester, 

epoxide resins, unsaturated 
WHO, 1997 
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polyester resin, polyamides and 
ABS 

Registered trade names and 
registered trade marks 

  

Comments 
The CAS number for tribromostyrene monomer is 61368-34-1. 

Preliminary assessment of potential for occurrence in water sources 
Not clear if in current use in the EU. 
The physical nature of polymers (high molecular weight and generally very low solubility) means that it is 
unlikely that the polymer will occur in water sources at measurable concentrations. Therefore the polymer is 
judged to have an overall low potential for current occurrence in water sources. 
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Summary 35 Poly(dibromostyrene) 

Identity 
Name Poly(dibromostyrene) 
CAS No: 148993-99-1 or 62354-98-7 
Molecular formula:  
Structure 

 
Other names Brominated polystyrene 

Properties 
Property Value Source 
Molecular weight Variable  
Melting point No estimate possible  
Boiling point No estimate possible  
Log Kow No estimate possible  
Water solubility at 25°C No estimate possible  
Vapour pressure at 25°C No estimate possible  
Henry’s law constant No estimate possible  
Biodegradability No estimate possible – 

considered unlikely to be readily 
biodegradable 

Expert judgement 

Atmospheric half-life No estimate possible  
Koc No estimate possible  
Behaviour during biological waste 
water treatment 

No estimate possible  

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
Moderate (1,000-5,000 
tonnes/year worldwide) 

WHO, 1997 
 

Tonnage 

CAS Number 31780-26-4 not 
listed as a LPV or HPV in the EU 

EISIS 

Flame retardant type Additive (polymer) Fisk et al., 2003 
Uses Styrenic polymers, engineering 

plastics, polyamides, 
WHO, 1997 
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thermoplastic polyesters, PBT 
and PET. 

Registered trade names and 
registered trade marks 

DBS (monomer) 
PDBS-80 
PBS-64HW 
CD-76P 
SP-75 

 

Comments 
CAS number 31780-26-4 appears to relate to dibromostyrene which is the monomer used to make 
poly(dibromostyrene). The CAS numbers 148993-99-1 and 62354-98-7 appear to be used for 
poly(dibromostyrene). Various other CAS numbers are given for bromostyrene (monomer) e.g. CAS 
125904-11-2. Registered trade names and registered trade marks for the monomer include DBS. 

Preliminary assessment of potential for occurrence in water sources 
It is unclear if the monomer itself is used in significant amounts in the EU but there appears to be a number 
of polymer products on the market worldwide. 
The physical nature of polymers (high molecular weight and generally very low solubility) means that it is 
unlikely that the polymer will occur in water sources at measurable concentrations. Therefore the polymer is 
judged to have an overall low potential for current occurrence in water sources. 
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Summary 36 Hexabromocyclododecane 

Identity 
Name Hexabromocyclododecane 
CAS No: 25637-99-4 
Molecular formula: C12H18Br6 
Structure 

 
Other names Cyclododecane, hexabromo- 

Properties 
Property Value Source 
Molecular weight 642 g/mole  
Melting point 172-205°C Experimental value: ECB, 2007a 
Boiling point Decomposes at >190°C Experimental value: ECB, 2007a 
Log Kow 5.62 Experimental value: ECB, 2007a 
Water solubility at 25°C 0.066 mg/l Experimental value: ECB, 2007a 
Vapour pressure at 21°C 6.3×10-5 Pa Experimental value: ECB, 2007a 
Henry’s law constant 0.75 Pa m3/mol Calculated value: ECB, 2007a 
Biodegradability Not readily biodegradable Experimental value: ECB, 2007a 
Atmospheric half-life 63 hours Estimated value: EPIWIN 
Koc 4.6×104 l/kg Estimated value: Experimental 

value: ECB, 2007a 
Behaviour during biological waste 
water treatment 

0.2% to air 
79.2% to sludge 

20.6% to surface water 

Estimated values: Experimental 
value: ECB, 2007a 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
High (>5,000 tonnes/year 
worldwide) 

WHO, 1997 
 

High production volume chemical 
in the EU (>1,000 tonnes/year) 

ESIS 

EU Consumption 9,618 
tonnes/year 

ECB, 2007a 

Tonnage 

EU consumption ~9,000 Fisk et al., 2003 
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tonnes/year 
Flame retardant type Additive Fisk et al., 2003 
Uses Expandable polystyrene, latex, 

textiles, adhesives, coatings, 
foamed polystyrene, HIPS and 
unsaturated polyesters 

WHO, 1997 

Registered trade names and 
registered trade marks 

CD-75P 
SP-75 
Saytex HP-900 
Saytex 9006L 
Saytex BC-70HS 
FR-1206 

 

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
Significant current use in the EU (around 9,000 tonnes/year) and UK. 
Additive flame retardant and so has potential for release from articles. 
Moderate removal from waste water predicted during effluent treatment. Likely to be effectively removed by 
filtration during treatment of drinking water. 
Moderate water solubility, vapour pressure and log Kow suggests that in water, although adsorption to 
suspended matter will occur, the substance will be present in the dissolved phase and some loss by 
volatilisation could occur. 
Overall high potential for current occurrence in water sources. 
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Summary 37 1,2-Dibromo-4-(1,2-dibromomethyl) cyclohexane 

Identity 
Name 1,2-Dibromo-4-(1,2-dibromomethyl) cyclohexane 
CAS No: 3322-93-8 
Molecular formula: C8H12Br4 
Structure 

 
Other names Cyclohexane, 1,2-dibromo-4-(1,2-dibromoethyl)- 

Properties 
Property Value Source 
Molecular weight 428 g/mole  
Melting point 99°C Estimated value: EPIWIN 
Boiling point 337°C Estimated value: EPIWIN 
Log Kow 5.24 Estimated value: EPIWIN 
Water solubility at 25°C 0.92 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 0.014 Pa Estimated value: EPIWIN 
Henry’s law constant 5.8×10-3 Pa m3/mol Estimated value: EPIWIN 
Biodegradability Inherently biodegradable Estimated value: EPIWIN 
Atmospheric half-life 79 hours Estimated value: EPIWIN 
Koc 5,560 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

4.51×10-3% to air 
35.8% to sludge 

38.9% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV No clear Expert judgement 

Uses 
Low (<1,000 tonnes/year 
worldwide) 

WHO, 1997 
 

Tonnage 

CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Additive (or possibly a blowing 
agent) 

Based on structure and 
application 

Uses Expandable polystyrene WHO, 1997 
Registered trade names and   
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registered trade marks 
Comments 

 
Preliminary assessment of potential for occurrence in water sources 

Not clear if the substance is currently used in the EU. 
Probably an additive flame retardant (if used) but it is possible the substance is a blowing agent (it has a 
relatively high vapour pressure). 
Moderate removal from waste water predicted during effluent treatment. Likely to be effectively removed by 
filtration during treatment of drinking water. 
High water solubility and vapour pressure and moderate log Kow means that, in water, the substance is 
likely to be present in the dissolved phase although adsorption onto particulate matter and loss by 
volatilisation could occur. 
Overall high potential for occurrence in water sources but it is not entirely clear if this substance is actually 
supplied as a flame retardant. 
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Summary 38 Ethylene-bis(5,6-dibromonorbornane-2,3-dicarboxyimide) 

Identity 
Name Ethylene-bis(5,6-dibromonorbornane-2,3-dicarboximide) 
CAS No: 41291-34-3 or 52907-07-0 
Molecular formula: C20H20Br4N2O4 
Structure 

 
Other names 4,7-Methano-1H-isoindole-1,3(2H)-dione, 2,2'-(1,2-ethanediyl)-bis(5,6-

dibromohexahydro-) 
Properties 

Property Value Source 
Molecular weight 672 g/mole  
Melting point 338°C Estimated value: EPIWIN 
Boiling point 769°C Estimated value: EPIWIN 
Log Kow 1.96 Estimated value: EPIWIN 
Water solubility at 25°C 0.048 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 8.3×10-17 Pa Estimated value: EPIWIN 
Henry’s law constant 4.0×10-16 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 6 hours Estimated value: EPIWIN 
Koc 109 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

7.89×10-16% to air 
1.35% to sludge 

98.7% to surface water 

Estimated values: EUSES 

Filtration Not effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
Moderate (1,000-5,000 
tonnes/year worldwide) 

WHO, 1997 
 

Tonnage 

CAS Numbers not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Additive Fisk et al., 2003 
Uses Polypropylene  
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Registered trade names and 
registered trade marks 

  

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
Not clear if currently in use in significant quantities in the EU. 
Additive flame retardant and so has potential for release from articles. 
Low removal from waste water predicted during effluent treatment. Not likely to be effectively removed by 
filtration during treatment of drinking water. 
Moderate water solubility, very low vapour pressure and low log Kow means that, in water, the substance 
will be present mainly in the dissolved phase. 
Overall high potential for current occurrence in water sources. 
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Summary 39 Dibromostyrene grafted polypropylene 

Identity 
Name Dibromostyrene grafted polypropylene 
CAS No: 171091-06-8  
Molecular formula:  
Structure  
Other names  

Properties 
Property Value Source 
Molecular weight Variable  
Melting point No estimate possible  
Boiling point No estimate possible  
Log Kow No estimate possible  
Water solubility at 25°C No estimate possible  
Vapour pressure at 25°C No estimate possible  
Henry’s law constant No estimate possible  
Biodegradability No estimate possible – 

considered unlikely to be readily 
biodegradable 

Expert judgement 

Atmospheric half-life No estimate possible  
Koc No estimate possible  
Behaviour during biological waste 
water treatment 

No estimate possible  

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
Listed as in use but not indication 
of tonnage 

WHO, 1997 
 

Tonnage 

CAS Numbers not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Additive (polymeric)? Based on structure and uses 
Uses Polyolefins WHO, 1997 
Registered trade names and 
registered trade marks 

  

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
Not clear if it is used in significant amounts in the EU. 
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The physical nature of polymers (high molecular weight and generally very low solubility) means that it is 
unlikely that the polymer will occur in water sources at measurable concentrations. Therefore the polymer is 
judged to have an overall low potential for current occurrence in water sources. 
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Summary 40 1,3,5-Tris(2,3-dibromo-propyxy)-2,4,6-triazine 

Identity 
Name 1,3,5-tris(2,3-dibromo-propoxy)-2,4,6-triazine 
CAS No: 52434-59-0  
Molecular formula: C13H17Br6N3O3 
Structure 

 
Other names  

Properties 
Property Value Source 
Molecular weight 743 g/mole  
Melting point 242°C Estimated value: EPIWIN 
Boiling point 562°C Estimated value: EPIWIN 
Log Kow 6.29 Estimated value: EPIWIN 
Water solubility at 25°C 0.017 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 4.2×10-10 Pa Estimated value: EPIWIN 
Henry’s law constant 1.9×10-11 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 27 hours Estimated value: EPIWIN 
Koc 1.95×104 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

0% to air 
67% to sludge 
33% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
Low (<1,000 tonnes/year 
worldwide) 

WHO, 1997 
 

Tonnage 

CAS Number not listed as a LPV ESIS 
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or HPV in the EU 
Flame retardant type Additive Based on structure and uses 
Uses Polypropylene WHO, 1997 
Registered trade names and 
registered trade marks 

  

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
Not clear if there is a significant use of this substance in the EU. 
Moderate removal from waste water predicted during effluent treatment. Likely to be effectively removed by 
filtration during treatment of drinking water. 
Moderate water solubility, very low vapour pressure and high log Kow means that, in water, although it will 
partition mainly to particulate matter and sediment, the substance could still be present in the dissolved 
phase. 
Overall high potential for current occurrence in water sources. 
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Summary 41 Diester of tetrabromophthalic acid 

Identity 
Name Diester of tetrabromophthalic acid 
CAS No: 20566-35-2 
Molecular formula: C15H16Br4O7 
Structure 

 
Other names 1,2-Benzenedicarboxylic acid, 3,4,5,6-tetrabromo-, 2-(2-

hydroxyethoxy)ethyl 2-hydroxypropyl ester 
Properties 

Property Value Source 
Molecular weight 628 g/mole  
Melting point 230°C Estimated value: EPIWIN 
Boiling point 538°C Estimated value: EPIWIN 
Log Kow 3.83 Estimated value: EPIWIN 
Water solubility at 25°C 769 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 3.2×10-12 Pa Estimated value: EPIWIN 
Henry’s law constant 2.3×10-16 Pa m3/mol Estimated value: EPIWIN 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 13 hours Estimated value: EPIWIN 
Koc 1,030 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

4.04×10-16% to air 
11.3% to sludge 

88.7% to surface water 

Estimated values: EUSES 

Filtration Not clear Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Effective Expert judgement 

Uses 
High (>5,000 tonnes/year 
worldwide) 

WHO, 1997 
 

Tonnage 

Low production volume chemical 
in the EU (<1,000 tonnes/year) 

ESIS 
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Flame retardant type Reactive Based on structure 
Uses PVC, rubber, thermoplastics, 

polyurethane and coatings 
WHO, 1997 

Registered trade names and 
registered trade marks 

PHT4-DIOL 
Saytex RB-79 
Saytex RB-7980 

 

Comments 
The same CAS Number is given for tetrabromophthalic acid diol (Summary 29). The same (or similar) 
substance also appears under CAS Number 77098-07-8 (Summary 79). 
The structure of this substance suggests that the substance is used as a reactive flame retardant (in 
common with the substances in Summary 29 and Summary 79). Some of the uses given in WHO (1997) 
are suggestive of an additive use (e.g. use in PVC) but it has been assumed here that the substance is 
used mainly as a reactive flame retardant. 

Preliminary assessment of potential for occurrence in water sources 
Significant current use in the EU (up to 1,000 tonnes/year). 
Reactive flame retardant and so has limited potential for release from articles. 
Low removal from waste water predicted during effluent treatment. Likely to be removed by UV during 
treatment of drinking water. 
High water solubility, very low vapour pressure and moderate-low log Kow means that, in water, the 
substance will be found in the dissolved phase, although some partitioning to particulates could occur. 
Overall high potential for current occurrence in water sources. 
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Summary 42 Bromo-chlorinated paraffins 

Identity 
Name Bromo-chlorinated paraffins 
CAS No: 68527-01-5 
Molecular formula: CxH(2x+2-y-z)BryClz 

Structure Variable 
Other names Alkanes, C12-30 α-, bromo chloro 

Properties 
Property Value Source 
Molecular weight Variable  
Melting point No estimate possible  
Boiling point No estimate possible  
Log Kow No estimate possible  
Water solubility at 25°C No estimate possible  
Vapour pressure at 25°C No estimate possible  
Henry’s law constant No estimate possible  
Biodegradability No estimate possible – 

considered unlikely to be readily 
biodegradable 

Expert judgement 

Atmospheric half-life No estimate possible  
Koc No estimate possible  
Behaviour during biological waste 
water treatment 

No estimate possible  

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
Low (<1,000 tonnes/year 
worldwide) 

WHO, 1997 
 

Tonnage 

Name not listed as a LPV or HPV 
in the EU 

ESIS 

Flame retardant type Additive Based on structure and uses 
Uses Textile fabrics, PVC and 

polyurethane 
WHO, 1997 

Registered trade names and 
registered trade marks 

  

Comments 
It is not clear if bromo-chlorinated paraffins are used. It is known that the related chlorinated paraffins are 
used as flame retardants in fabrics and PVC and the properties of these and potential for release to the 
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assessment have been assessed previously (three types of chlorinated paraffin are in use, these are known 
as short chain (with a C10-13 carbon chain; EC (2000b), medium chain (with a C14-17 carbon chain; EC 
(2005)) and long chain (with carbon chain lengths >C18; Brooke et al. (2008)). 

Preliminary assessment of potential for occurrence in water sources 
Not clear if the substance is used in the EU and UK.  
It is not possible to estimate the properties of this substance as the structure is unclear. Based on the 
known properties of chlorinated paraffins (water solubilities in the range 5×10-3- 0.47 mg/l, vapour pressure 
up to around 0.02 Pa and log Kow of around 6 and above) the bromo-chlorinated paraffins (assuming they 
have similar properties to these) would be expected to have an overall high potential for occurrence in 
water sources if they are in current use. 
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Summary 43 Tris(2,4-dibromophenyl) phosphate 

Identity 
Name Tris(2,4-dibromophenyl) phosphate 
CAS No: 49690-63-3 (see comments below) 
Molecular formula: C18H9Br6O4P 
Structure 

 
Other names Tri-(2,4-dibromophenyl) phosphate 

Tris(dibromophenyl) phosphate 
Properties 

Property Value Source 
Molecular weight 800 g/mole  
Melting point 90°C Estimated value: EPIWIN 
Boiling point 480°C Estimated value: EPIWIN 
Log Kow 10.0 Estimated value: EPIWIN 
Water solubility at 25°C 2.7×10-4 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 2.7×10-6 Pa Estimated value: EPIWIN 
Henry’s law constant 1.6×10-5 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 226 hours Estimated value: EPIWIN 
Koc 1.66×106 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

1.39×10-7% to air 
91.6% to sludge 
8.4% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
Low (<1,000 tonnes/year 
worldwide) 

WHO, 1997 
 

Tonnage 

CAS Number not listed as a LPV ESIS 
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or HPV in the EU 
Flame retardant type Additive Based on structure and uses 
Uses Engineering thermoplastics WHO, 1997 
Registered trade names and 
registered trade marks 

  

Comments 
The name for this substance given as 2,4-dibromophenyl phosphate in WHO (1997) but the structure 
presented in WHO (1997) is for the tris(2,4-dibromophenyl) phosphate. In addition, the CAS Number given 
in WHO (1997) is 49690-63-3 but this corresponds to the tris(2,3-dibromophenyl) phosphate. The estimates 
given above are based on the structure for 2,4-isomer. Similar estimates would be expected based on the 
structure for the 2,3-isomer. 

Preliminary assessment of potential for occurrence in water sources 
It is not clear if the substance is currently used in significant amounts in the EU. 
Additive flame retardant and so has potential for release from articles. 
High removal from waste water predicted during effluent treatment. Likely to be removed by filtration during 
treatment of drinking water. 
Moderate water solubility, low vapour pressure and high log Kow means that, in water, although it will 
partition to particulate matter, the substance may also be present in the dissolved phase. 
Overall high potential for current occurrence in water sources. 
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Summary 44 Tris(tribromoneopentyl) phosphate 

Identity 
Name Tris(tribromoneopentyl) phosphate 
CAS No: 19186-97-1 
Molecular formula: C15H24Br9O4P 
Structure 

 
Other names  

Properties 
Property Value Source 
Molecular weight 1,018 g/mole  
Melting point 90°C Estimated value: EPIWIN 
Boiling point 480°C Estimated value: EPIWIN 
Log Kow 8.05 Estimated value: EPIWIN 
Water solubility at 25°C 1.2×10-5 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 2.7×10-6 Pa Estimated value: EPIWIN 
Henry’s law constant 2.7×10-9 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 5 hours Estimated value: EPIWIN 
Koc 1.61×105 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

2.33×10-10% to air 
88% to sludge 
12% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
Low (<1,000 tonnes/year 
worldwide) 

WHO, 1997 
 

Tonnage 

CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 
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Flame retardant type Additive Based on structure and uses 
Uses Thermoplasics, polypropylene, 

HIPS 
WHO, 1997 

Registered trade names and 
registered trade marks 

FR-370  

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
Not clear if currently used in EU in significant amounts but at least one product appears to be on the market 
worldwide. 
Additive flame retardant and so has potential fro release from articles. 
Moderate removal from waste water predicted during effluent treatment. Likely to be effectively removed by 
filtration during treatment of drinking water. 
Low water solubility and vapour pressure, and high log Kow value suggest that, in water, the substance will 
partition mainly to particulate matter and sediment. 
Overall moderate potential for current occurrence in water sources. 
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Summary 45 Chlorinated brominated phosphate ester 

Identity 
Name Chlorinated brominated phosphate ester 
CAS No: 125997-20-8 
Molecular formula: C9H18Br2ClO4P 
Structure 

 
Other names Phosphoric acid, mixed 3-bromo-2,2-dimethylpropyl, 2-bromoethyl and 

2-chloroethyl esters 
Properties 

Property Value Source 
Molecular weight 416 g/mole  
Melting point 84°C Estimated value: EPIWIN 
Boiling point 388°C Estimated value: EPIWIN 
Log Kow 3.17 Estimated value: EPIWIN 
Water solubility at 25°C 135 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 5.9×10-4 Pa Estimated value: EPIWIN 
Henry’s law constant 6.5×10-4 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Inherently biodegradable Estimated value: EPIWIN 
Atmospheric half-life 9 hours Estimated value: EPIWIN 
Koc 466 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

7.82×10-4% to air 
4.87% to sludge 

56.4% to surface water 

Estimated values: EUSES 

Filtration Unclear Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
Moderate (1,000-5,000 
tonnes/year worldwide) 

WHO, 1997 
 

Tonnage 

CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 
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Flame retardant type Additive Based on structure and uses 
Uses Polyurethane foams, thermosets 

and coatings 
WHO, 1997 

Registered trade names and 
registered trade marks 

Firemaster 836 
HP-36 

WHO, 1997 

Comments 
The substance appears to be a mixture of 3-bromo-2,2-dimethypropyl, 2-bromoethyl and 2-chloroethyl 
esters. The properties have been estimated for the structure shown above.  

Preliminary assessment of potential for occurrence in water sources 
Not clear if currently used in EU in significant amounts but at least two products appear to be on the 
market. 
Additive flame retardant and so has potential for release from articles. 
Low removal from waste water predicted during effluent treatment. Not clear if it will be removed effectively 
during drinking water treatment by filtration and UV. 
High water solubility, moderate vapour pressure and moderate-low log Kow suggests that, in water, it will 
be present in the dissolved phase, although some adsorption to particulates and loss by volatilisation could 
be expected. 
Overall high potential for current occurrence in water sources. 
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Summary 46 Bromine-, chlorine- and phosphorus-containing polyol 

Identity 
Name Bromine-, chlorine and  phosphorus-containing polyol 
CAS No: Not clear 
Molecular formula: Not clear 
Structure Not clear 
Other names  

Properties 
Property Value Source 
Molecular weight Variable  
Melting point No estimate possible  
Boiling point No estimate possible  
Log Kow No estimate possible  
Water solubility at 25°C No estimate possible  
Vapour pressure at 25°C No estimate possible  

Henry’s law constant No estimate possible  

Biodegradability No estimate possible – 
considered unlikely to be readily 

biodegradable 

Expert judgement 

Atmospheric half-life No estimate possible  

Koc No estimate possible  
Behaviour during biological waste 
water treatment 

No estimate possible  

Filtration Not clear Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
High (>5,000 tonnes/year 
worldwide) 

WHO, 1997 
 

Tonnage 

Name not listed as a LPV or HPV 
in the EU 

ESIS 

Flame retardant type Reactive WHO, 1997 
Uses Polyurethane foams  
Registered trade names and 
registered trade marks 

  

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
This substance is listed as being supplied in WHO (1997) however the description given is insufficient to 
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fully identify the actual substance(s) present. It is likely that this entry refers to the various polyols that are 
used as reactive flame retardants in the manufacture of polyurethane foams and so it is not considered 
further in this assessment. 
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Summary 47 Dibromopropylacrylate 

Identity 
Name Dibromopropylacrylate 
CAS No: 19660-16-3 
Molecular formula: C6H8Br2O2 
Structure 

 
Other names 2-Propenoic acid, 2,3-dibromopropyl ester 

Properties 
Property Value Source 
Molecular weight 272 g/mole  
Melting point 29°C Estimated value: EPIWIN 
Boiling point 244°C Estimated value: EPIWIN 
Log Kow 2.32 Estimated value: EPIWIN 
Water solubility at 25°C 474 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 4.4 Pa Estimated value: EPIWIN 
Henry’s law constant 3.2×10-3 Pa m3/mol Estimated value: EPIWIN  
Biodegradability Readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 37 hours Estimated value: EPIWIN 
Koc 168 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

1.37×10-3% to air 
1.56% to sludge 

12.5% to surface water 

Estimated values: EUSES 

Filtration Not clear Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Reactive Based on structure and use 
Uses Acrylic fibres  
Registered trade names and 
registered trade marks 

  

Comments 
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Preliminary assessment of potential for occurrence in water sources 
May have been used in the past but there appears to be no significant current use. The amounts used 
historically are not known. 
Reactive flame retardant and so has limited potential for release from articles. 
Moderate removal from waste water predicted during effluent treatment. No clear if it is likely to be removed 
effectively during treatment of drinking water by filtration or UV. 
High water solubility and vapour pressure and low log Kow indicate that, in water, the substance will be 
present in the dissolved phase and that loss from water by volatilisation is likely to be significant. 
Overall low potential for current occurrence in water sources. 
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Summary 48 Tetrabromodipentaerythritol 

Identity 
Name Tetrabromodipentaerythritol 
CAS No: 109678-33-3 
Molecular formula: C10H18Br4O3 
Structure 

 
Other names  

Properties 
Property Value Source 
Molecular weight 506 g/mole  
Melting point 180°C Estimated value: EPIWIN 
Boiling point 445°C Estimated value: EPIWIN 
Log Kow 2.62 Estimated value: EPIWIN 
Water solubility at 25°C 506 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 1.1×10-8 Pa Estimated value: EPIWIN 
Henry’s law constant 1.8×10-14 Pa m3/mol Estimated value: EPIWIN  
Biodegradability Inherently biodegradable Estimated value: EPIWIN 
Atmospheric half-life 16 hours Estimated value: EPIWIN 
Koc 241 l/kg  Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

1.1×10-12% to air 
2.59% to sludge 

57.7% to surface water 

Estimated values: EUSES 

Filtration Not clear Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Reactive Fisk et al., 2003 
Uses Polyester and polyurethane WHO, 1997 
Registered trade names and 
registered trade marks 
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Comments 
 

Preliminary assessment of potential for occurrence in water sources 
May have been used in the past but there appears to be no significant current use. The amounts used 
historically are not known. 
Reactive flame retardant and so has limited potential for release from articles. 
Low removal from waste water predicted during effluent treatment. No clear if it is likely to be removed 
effectively during treatment of drinking water by filtration or UV. 
High water solubility, low vapour pressure and low log Kow indicate that, in water, the substance will be 
present in the dissolved phase. 
Overall low potential for current occurrence in water sources. 
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Summary 49 Pentabromobenzene 

Identity 
Name Pentabromoethylbenzene 
CAS No: 85-22-3 
Molecular formula: C8H5Br5 
Structure 

 
Other names Benzene, pentabromoethyl- 

Properties 
Property Value Source 
Molecular weight 501 g/mole  
Melting point 138°C Experimental value: EPIWIN 

database 
Boiling point 363°C Estimated value: EPIWIN 
Log Kow 7.48 Estimated value: EPIWIN 
Water solubility at 25°C 0.10 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 6.2×10-4 Pa Estimated value: EPIWIN 
Henry’s law constant 11 Pa m3/mol Estimated value: EPIWIN  
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 335 hours Estimated value: EPIWIN 
Koc 8.12×104 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

1.47% to air 
83.6% to sludge 

14.9% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Effective Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
Low production volume chemical 
in the EU (<1,000 tonnes/year) 

ESIS 

Flame retardant type Additive Fisk et al., 2003 
Uses Textiles, adhesives, polyurethane 

foams, thermoset polyester resins 
and coatings 

WHO, 1997 
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Registered trade names and 
registered trade marks 

  

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
May have been used in the past but there appears to be no significant current use. The amounts used 
historically are not known. 
Additive flame retardant and so has potential for release from articles. 
Moderate removal from waste water predicted during effluent treatment. Likely to be removed by filtration 
and UV during treatment of drinking water. 
High water solubility, moderate vapour pressure and high log Kow indicate that, in water, although the 
substance will adsorb onto particulate matter, the substance will also be present in the dissolved phase and 
that loss from water by volatilisation could also occur. 
Overall moderate potential for current occurrence in water sources. 
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Summary 50 Tetrabromoxylene 

Identity 
Name Tetrabromoxylene 
CAS No: 23488-38-2 
Molecular formula: C8H6Br4 
Structure 

 
Other names Benzene, 1,2,4,5-tetrabromo-3,6-dimethyl- 

Properties 
Property Value Source 
Molecular weight 422 g/mole  
Melting point 119°C Estimated value: EPIWIN 
Boiling point 332°C Estimated value: EPIWIN 
Log Kow 6.65 Estimated value: EPIWIN 
Water solubility at 25°C 0.53 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 5.5×10-3 Pa Estimated value: EPIWIN 
Henry’s law constant 19 Pa m3/mol Estimated value: EPIWIN  
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 811 hours Estimated value: EPIWIN 
Koc 3.01×104 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

5.33% to air 
71.9% to sludge 

22.7% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Effective Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Additive WHO, 1997 
Uses Styrene thermoplastics, 

polyolefins and textiles 
WHO, 1997 

Registered trade names and 
registered trade marks 
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Comments 
 

Preliminary assessment of potential for occurrence in water sources 
May have been used in the past but there appears to be no significant current use. The amounts used 
historically are not known. 
Additive flame retardant and so has potential for release from articles. 
Moderate removal from waste water predicted during effluent treatment. Likely to be removed by filtration 
and UV during treatment of drinking water. 
High water solubility, high vapour pressure and high log Kow indicate that, in water, although the substance 
will adsorb onto particulate matter, the substance will also be present in the dissolved phase and that loss 
from water by volatilisation could also occur. 
Overall moderate potential for current occurrence in water sources. 
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Summary 51 2,4,6-Tribromophenoxy-2,3-dibromopropane 

Identity 
Name 2,4,6-Tribromophenoxy-2,3-dibromopropane 
CAS No: 35109-60-5 
Molecular formula: C9H7Br5O 
Structure 

 
Other names Benzene, 1,3,5-tribromo-2-(2,3-dibromopropoxy)- 

Properties 
Property Value Source 
Molecular weight 531 g/mole  
Melting point 151°C Estimated value: EPIWIN 
Boiling point 394°C Estimated value: EPIWIN 
Log Kow 6.34 Estimated value: EPIWIN 
Water solubility at 25°C 0.080 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 8.3×10-5 Pa Estimated value: EPIWIN 
Henry’s law constant 0.022 Pa m3/mol Estimated value: EPIWIN  
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 95 hours Estimated value: EPIWIN 
Koc 2.07×104 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

0.0115% to air 
68% to sludge 

31.9% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Additive Based on structure and use 
Uses Extrusion grade polypropylene WHO, 1997 
Registered trade names and 
registered trade marks 
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Comments 
 

Preliminary assessment of potential for occurrence in water sources 
May have been used in the past but there appears to be no significant current use. The amounts used 
historically are not known. 
Additive flame retardant and so has potential for release from articles. 
Moderate removal from waste water predicted during effluent treatment. Likely to be removed by filtration 
during treatment of drinking water. 
Moderate water solubility, moderate vapour pressure and high log Kow indicate that, in water, although the 
substance will adsorb onto particulate matter, the substance will also be present in the dissolved phase and 
that loss from water by volatilisation could also occur. 
Overall moderate potential for current occurrence in water sources. 
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Summary 52 Hexabromobenzene 

Identity 
Name Hexabromobenzene 
CAS No: 87-82-1 
Molecular formula: C6Br6 
Structure 

 
Other names Benzene, hexabromo- 

Properties 
Property Value Source 
Molecular weight 551 g/mole  
Melting point 326°C Experimental value: EPIWIN 

database 
Boiling point 371°C Estimated value: EPIWIN 
Log Kow 6.07 Experimental value: EPIWIN 

database 
Water solubility at 25°C 1.6×10-4 mg/l Experimental value: EPIWIN 

database 
Vapour pressure at 25°C 2.2×10-6 Pa Estimated value: EPIWIN 
Henry’s law constant 2.8 Pa m3/mol Estimated value: EPIWIN  
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 33,485 hours Estimated value: EPIWIN 
Koc 1.5×104 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

1.68% to air 
61.5% to sludge 

36.9% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Effective Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Additive Based on structure and use 
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Uses Paper, electrical goods, 
polyamides, polyester fibres, 
polypropylene and PBT 

WHO, 1997 

Registered trade names and 
registered trade marks 

  

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
May have been used in the past but there appears to be no significant current use. The amounts used 
historically are not known. 
Additive flame retardant and so has potential for release from articles. 
Moderate removal from waste water predicted during effluent treatment. Likely to be removed by filtration 
and UV during treatment of drinking water. 
Moderate water solubility, low vapour pressure and high log Kow indicate that, in water, although the 
substance will adsorb onto particulate matter, the substance will also be present in the dissolved phase. 
Overall moderate potential for current occurrence in water sources. 
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Summary 53 Hexabromobiphenyl 

Identity 
Name Hexabromobiphenyl 
CAS No: 59536-65-1 

67774-32-7 

Molecular formula: C12H4Br6 
Structure 

 
Other names  

Properties 
Property Value Source 
Molecular weight 628 g/mole  
Melting point 198°C Estimated value: EPIWIN 
Boiling point 469°C Estimated value: EPIWIN 
Log Kow 9.10 Estimated value: EPIWIN 
Water solubility at 25°C 9.7×10-4 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 3.3×10-7 Pa Estimated value: EPIWIN 
Henry’s law constant 0.23 Pa m3/mol Estimated value: EPIWIN  
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 2,987 hours Estimated value: EPIWIN 
Koc 5.65×105 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

5.79×10-3% to air 
90.8% to sludge 

9.16% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Additive Based on structure and use 
Uses Thermoplastic polymers WHO, 1997 
Registered trade names and 
registered trade marks 
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Comments 
Several isomers are possible. The physico-chemical properties above have been estimated for 
2,2’,4,4’,5,5’-hexabromobiphenyl. 
This substance was subject to a Voluntary Industry Commitment under the OECDs Risk Reduction 
Program in 1995. Under this commitment, the producers indicated that hexabromobiphenyl was no longer 
in commercial use in Europe, and the use in the United States was voluntarily discontinued use in the late 
1970s. Further the producers of brominated flame retardants committed to not manufacture or import/export 
the substance in the future (BFRIP and EBFRIP, 1995). A similar commitment was also made by the 
producers of brominated flame retardants in Japan. 

Preliminary assessment of potential for occurrence in water sources 
May have been used in the past (possibly up the late 1970s) but there appears to be no current use. The 
amounts used historically are not known. 
Additive flame retardant and so has potential for release from articles. 
High removal from waste water predicted during effluent treatment. Likely to be removed by filtration during 
treatment of drinking water. 
Moderate water solubility, low vapour pressure and high log Kow indicate that, in water, although the 
substance will adsorb onto particulate matter, the substance will also be present in the dissolved phase. 
Overall moderate potential for current occurrence in water sources. 
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Summary 54 Octabromobiphenyl 

Identity 
Name Octabromobiphenyl 
CAS No: 61288-13-9  
Molecular formula: C12H2Br8 
Structure 

 
Other names  

Properties 
Property Value Source 
Molecular weight 785 g/mole  
Melting point 227°C Estimated value: EPIWIN 
Boiling point 530°C Estimated value: EPIWIN 
Log Kow 10.88 Estimated value: EPIWIN 
Water solubility at 25°C 3.5×10-5 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 4.2×10-9 Pa Estimated value: EPIWIN 
Henry’s law constant 0.039 Pa m3/mol Estimated value: EPIWIN  
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 7,492 hours Estimated value: EPIWIN 
Koc 4.76×106 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

1.18×10-4% to air 
91.9% to sludge 

8.14% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Effective Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Additive Based on structure and use 
Uses Thermoplastic polymers WHO, 1997 
Registered trade names and 
registered trade marks 
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Comments 
Several isomers are possible. The physico-chemical properties above have been estimated for 
2,2’,3,3’,4,4’,5,6’-octabromobiphenyl. 
This substance was subject to a Voluntary Industry Commitment under the OECDs Risk Reduction 
Program in 1995. Under this commitment, the producers indicated that octabromobiphenyl was no longer in 
commercial use in Europe, and the use in the United States was voluntarily discontinued use in the late 
1970s. Further the producers of brominated flame retardants committed to not manufacture or import/export 
the substance in the future (BFRIP and EBFRIP, 1995). A similar commitment was also made by the 
producers of brominated flame retardants in Japan. 

Preliminary assessment of potential for occurrence in water sources 
May have been used in the past (possibly up the late 1970s) but there appears to be no current use. The 
amounts used historically are not known. 
Additive flame retardant and so has potential for release from articles. 
High removal from waste water predicted during effluent treatment. Likely to be removed effectively by 
filtration or UV during treatment of drinking water. 
Low water solubility, low vapour pressure and high log Kow indicate that, in water, the substance will 
partition mainly to particulate matter and sediment. 
Overall low potential for current occurrence in water sources. 
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Summary 55 Hexabromodiphenyl ether 

Identity 
Name Hexabromodiphenyl ether 
CAS No: 36483-60-0 
Molecular formula: C12H4Br6O 
Structure 

 
Other names  

Properties 
Property Value Source 
Molecular weight 644 g/mole  
Melting point 197°C Estimated value: EPIWIN 
Boiling point 467°C Estimated value: EPIWIN 
Log Kow 8.55 Estimated value: EPIWIN 
Water solubility at 25°C 2.1×10-3 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 3.8×10-7 Pa Estimated value: EPIWIN 
Henry’s law constant 0.15 Pa m3/mol Estimated value: EPIWIN  
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 1,040 hours Estimated value: EPIWIN 
Koc 2.92×105 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

7.23×10-3% to air 
89.8% to sludge 

10.2% to surface water 

Estimated values: EUSES 

Filtration High Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Additive Based on structure and uses 
Uses Various high thermal stability 

resins, polystyrene, ABS, 
polycarbonate and unsaturated 

WHO, 1997 
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polyester 
Registered trade names and 
registered trade marks 

  

Comments 
Several isomers are possible. The physico-chemical properties above have been estimated for 
2,2’,4,4’,5,6’-hexabromodiphenyl ether. 
Hexabromodiphenyl ether is present in the pentabromodiphenyl ether and octabromodiphenyl ether 
products that were commercially supplied up until 2004 (Summary 4 and Summary 5). It is understood 
that hexabromodiphenyl ether is not been produced commercially as a substance in its own right (BFRIP 
and EBFRIP, 1995) 

Preliminary assessment of potential for occurrence in water sources 
Hexabromodiphenyl ether does not appear to have been supplied commercially as a brominated flame 
retardant itself. However the hexabromodiphenyl ether is present in the pentabromodiphenyl ether and 
octabromodiphenyl ether products that were commercially supplied up until 2004 (Summary 4 and 
Summary 5). The potential for occurrence of hexabromodiphenyl ether in water sources is therefore related 
to the potential for the commercial pentabromodiphenyl ether and octabromodiphenyl ether products. 
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Summary 56 Tetrabromobisphenol-A-bis(2-ethylether acrylate) 

Identity 
Name Tetrabromobisphenol A-bis-(2-ethylether acrylate) 
CAS No: 66710-97-2 
Molecular formula: C25H24Br4O6 
Structure 

 
Other names 2-Propenoic acid, (1-methylethylidene) bis (2,6-dibromo-4,1-

phenylene) oxy-2,1-ethanediyl ester 
Properties 

Property Value Source 
Molecular weight 740 g/mole  
Melting point 255°C Estimated value: EPIWIN 
Boiling point 591°C Estimated value: EPIWIN 
Log Kow 9.10 Estimated value: EPIWIN 
Water solubility at 25°C 4.8×10-6 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 5.4×10-11 Pa Estimated value: EPIWIN 
Henry’s law constant 2.1×10-8 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 10 hours Estimated value: EPIWIN 
Koc 5.65×105 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

5.33×10-10% to air 
90.8% to sludge 

9.17% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Reactive Based on structure 



 Brominated flame retardants - risks to UK drinking water sources 
 

 
BRE Client report number 242844  
Commercial in confidence 

© Building Research Establishment Ltd 2009  
 

 

Uses   
Registered trade names and 
registered trade marks 

  

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
May have been used in the past but there appears to be no significant current use. The amounts used 
historically are not known. 
Reactive flame retardant and so has limited potential for release from articles. 
High removal from waste water predicted during effluent treatment. Likely to be removed by filtration during 
treatment of drinking water. 
Low water solubility, low vapour pressure and high log Kow indicate that, in water, the substance will 
partition mainly to particulate matter and sediment. 
Overall low potential for current occurrence in water sources. 
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Summary 57 Pentabromochlorocyclohexane 

Identity 
Name Pentabromochlorocyclohexane 
CAS No: 87-84-3 
Molecular formula: C6H6Br5Cl 
Structure 

 
Other names Cyclohexane, 1,2,3,4,5-pentabromo-6-chloro- 

Properties 
Property Value Source 
Molecular weight 513 g/mole  
Melting point 128°C Estimated value: EPIWIN 
Boiling point 373°C Estimated value: EPIWIN 
Log Kow 4.72 Experimental value: EPIWIN 

database 
Water solubility at 25°C 0.45 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 4.6×10-4 Pa Estimated value: EPIWIN 
Henry’s law constant 1.1×10-6 Pa m3/mol Estimated value: EPIWIN  
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 566 hours Estimated value: EPIWIN 
Koc 2,980 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

1.57×10-6% to air 
26.6% to sludge 

73.4% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Additive Based on structure and uses 
Uses Polystyrene foam and 

polypropylene 
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Registered trade names and 
registered trade marks 

  

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
May have been used in the past but there appears to be no significant current use. The amounts used 
historically are not known. 
Additive flame retardant and so has potential for release from articles. 
Low removal from waste water predicted during effluent treatment. Likely to be removed by filtration during 
treatment of drinking water. 
High water solubility, moderate vapour pressure and moderate log Kow indicate that, in water, although the 
substance will adsorb onto particulate matter, the substance will also be present in the dissolved phase and 
may lost by volatilisation to some extent. 
Overall moderate potential for current occurrence in water sources. 
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Summary 58 Tris(2,3-dibromopropyl) phosphate 

Identity 
Name Tris(2,3-dibromopropyl) phosphate 
CAS No: 126-72-7 
Molecular formula: C9H15Br6O4P 
Structure 

 
Other names 1-Propanol, 2,3-dibromo-, phosphate (3:1) 

Properties 
Property Value Source 
Molecular weight 698 g/mole  
Melting point 6°C Experimental value: EPIWIN 

database 
Boiling point 480°C Estimated value: EPIWIN 
Log Kow 4.29 Experimental value: EPIWIN 

database 
Water solubility at 25°C 8 mg/l (at 24°C) Experimental value: EPIWIN 

database 
Vapour pressure at 25°C 0.025 Pa Experimental value: EPIWIN 

database 
Henry’s law constant 3.2×10-7 Pa m3/mol Estimated value: EPIWIN (bond 

method)  
Biodegradability Inherently biodegradable Estimated value: EPIWIN 
Atmospheric half-life 14 hours Estimated value: EPIWIN 
Koc 1,780 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

3.36×10-7% to air 
16% to sludge 

50.1% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
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Used in the past – no current use WHO, 1997 Tonnage 
CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Additive and reactive Fisk et al., 2003 
Uses Polyesters, urea and melamine 

resins and textiles 
WHO, 1997 

Registered trade names and 
registered trade marks 

  

Comments 
Fisk et al. (2003) also lists 2,3-dibromopropanol (CAS number 96-13-9) as a reactive flame retardant. 
However it is likely that this is actually an intermediate used in the production of flame retardants rather 
than a flame retardant in its own right. 

Preliminary assessment of potential for occurrence in water sources 
May have been used in the past but there appears to be no significant current use. The amounts used 
historically are not known. 
Additive and reactive flame retardant and so has potential for release from articles. 
Low removal from waste water predicted during effluent treatment. Likely to be removed by filtration during 
treatment of drinking water. 
High water solubility and vapour pressure and moderate log Kow indicate that, in water, although the 
substance will adsorb onto particulate matter, the substance will also be present in the dissolved phase and 
loss by volatilisation could occur. 
Overall moderate potential for current occurrence in water sources. 
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Summary 59 Bis(2,3-dibromopropyl) phosphate and salts 

Identity 
Name Bis(2,3-dibromopropyl) phosphate and salts 
CAS No: 5412-25-9 (hydrogen phosphate) 

66519-18-4 (potassium salt) 
64864-08-0 (sodium salt) 
36711-31-6 (magnesium salt) 
34432-82-1 (ammonium salt) 

Molecular formula: C6H11Br4O4P (hydrogen phosphate) 
Structure 

 
Other names 1-Propanol, 2,3-dibromo-, hydrogen phosphate and salts 

Properties 
Property Value Source 
Molecular weight 498 g/mole  
Melting point 86°C Estimated value: EPIWIN 
Boiling point 435°C Estimated value: EPIWIN 
Log Kow 2.53 Estimated value: EPIWIN 
Water solubility at 25°C 220 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 6.0×10-7 Pa Estimated value: EPIWIN 
Henry’s law constant 4.3×10-8 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Inherently biodegradable Estimated value: EPIWIN 
Atmospheric half-life 21 hours Estimated value: EPIWIN 
Koc 217 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

5.33×10-8% to air 
2.33% to sludge 

57.8% to surface water 

Estimated values: EUSES 

Filtration Not clear Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 
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Flame retardant type Not clear  
Uses   
Registered trade names and 
registered trade marks 

  

Comments 
The physico-chemical properties above have been estimated for the hydrogen phosphate. 

Preliminary assessment of potential for occurrence in water sources 
May have been used in the past but there appears to be no significant current use. The amounts used 
historically are not known. 
It is not clear if the substance is an additive or reactive flame retardant and so the potential for release from 
articles is unknown. 
Moderate removal from waste water predicted during effluent treatment. Not clear if it will be removed by 
filtration and UV during treatment of drinking water. 
High water solubility, low vapour pressure and low log Kow indicate that, in water, the substance will be 
present mainly in the dissolved phase. 
Overall moderate potential for current occurrence in water sources. 
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Summary 60 Tetrabromo-2,3-dimethylbutane 

Identity 
Name Tetrabromo-2,3-dimethylbutane 
CAS No:  
Molecular formula: C6H10Br4 
Structure 

 
Other names  

Properties 
Property Value Source 
Molecular weight 402 g/mole  
Melting point 79°C Estimated value: EPIWIN 
Boiling point 304°C Estimated value: EPIWIN 
Log Kow 4.52 Estimated value: EPIWIN 
Water solubility at 25°C 2.4 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 0.12 Pa Estimated value: EPIWIN 
Henry’s law constant 0.033 Pa m3/mol Estimated value: EPIWIN 
Biodegradability Inherently biodegradable Estimated value: EPIWIN 
Atmospheric half-life 168 hours Estimated value: EPIWIN 
Koc 2,350 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

0.0328% to air 
19.9% to sludge 

47.9% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
Name not listed as a LPV or HPV 
in the EU 

ESIS 

Flame retardant type Additive (but most probably a 
blowing agent; see below) 

Based on structure and uses 

Uses Expandable polystyrene WHO, 1997 
Registered trade names and 
registered trade marks 
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Comments 
This substance is listed as a possible flame retardant in WHO (1997). However given the stated use 
(expandable polystyrene), the relatively high vapour pressure and the similarity of the substance to other 
blowing agents, it is probable that function of this substance was actually as a blowing agent rather than a 
flame retardant.  

Preliminary assessment of potential for occurrence in water sources 
As this substance is considered more likely to be a blowing agent rather than a flame retardant is it not 
considered further in this project. 
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Summary 61 2,4,6-Tribromoaniline 

Identity 
Name 2,4,6-Tribromoaniline 
CAS No: 147-82-0 
Molecular formula: C6H4Br3N 
Structure 

 
Other names Benzenamine, 2,4,6-tribromo- 

Properties 
Property Value Source 
Molecular weight 330 g/mole  
Melting point 122°C Experimental value: EPIWIN 

database 
Boiling point 300°C Experimental value: EPIWIN 

database 
Log Kow 3.75 Estimated value: EPIWIN 
Water solubility at 25°C 325 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 0.028 Pa Estimated value: EPIWIN 
Henry’s law constant 0.016 Pa m3/mol Estimated value: EPIWIN 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 483 hours Estimated value: EPIWIN 
Koc 933 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

0.0284% to air 
10.4% to sludge 

89.6% to surface water 

Estimated values: EUSES 

Filtration Unclear Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
Low production volume chemical 
in the EU (<1,000 tonnes/year) 

ESIS 

Flame retardant type Reactive Based on structure and use 
Uses Used in synthesis and as an 

intermediate for flame retardants, 
WHO, 1997 
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pharmaceuticals and 
agrochemicals 

Registered trade names and 
registered trade marks 

  

Comments 
Although this is listed as a possible flame retardant in WHO (1997) based on the uses given, it does not 
appear to be used as a flame retardant itself, but rather as an intermediate in the manufacture of other 
flame retardants. 

Preliminary assessment of potential for occurrence in water sources 
As this substance appears to be used as an intermediate to make flame retardants (and a range of other 
chemicals) rather than as a flame retardant itself it is not considered further within this project. 
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Summary 62 1-Pentabromophenoxy-2-propene 

Identity 
Name 1-Pentabromophenoxy-2-propene 
CAS No: 3555-11-1 
Molecular formula: C9H5Br5O 
Structure 

 
Other names Benzene, pentabromo(2-propenyloxy)- 

Properties 
Property Value Source 
Molecular weight 529 g/mole  
Melting point 155°C Estimated value: EPIWIN 
Boiling point 386°C Estimated value: EPIWIN 
Log Kow 7.37 Estimated value: EPIWIN 
Water solubility at 25°C 0.052 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 1.1×10-4 Pa Estimated value: EPIWIN 
Henry’s law constant 7.7 Pa m3/mol Estimated value: EPIWIN 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 12 hours Estimated value: EPIWIN 
Koc 7.12×104 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

1.21% to air 
82.8% to sludge 

15.9% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Effective Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
Name not listed as a LPV or HPV 
in the EU 

ESIS 

Flame retardant type Reactive Based on the structure 
Uses   
Registered trade names and 
registered trade marks 
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Comments 
WHO (1997) indicates that this substance is a synergist. However, the structure suggests that it may be a 
reactive flame retardant. 

Preliminary assessment of potential for occurrence in water sources 
May have been used in the past but there appears to be no significant current use. The amounts used 
historically are not known. 
If it was used as a flame retardant it was most likely to have been a reactive flame retardant and so the 
potential for release from articles is limited. 
Moderate removal from waste water predicted during effluent treatment. Likely to be removed effectively by 
filtration and UV during treatment of drinking water. 
High water solubility, moderate vapour pressure and high log Kow indicate that, in water, although the 
substance will adsorb onto particulate matter it could also be present in the dissolved phase and removal 
by volatilisation could occur to some extent. 
Overall low potential for current occurrence in water sources. 
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Summary 63 2,4-Dibromophenylglycidyl ether 

Identity 
Name 2,4-dibromophenylglycidyl ether 
CAS No: 20217-01-0 
Molecular formula: C9H8Br2O2 
Structure 

 
Other names Oxirane, (2,4-dibromophenoxy)methyl- 

Properties 
Property Value Source 
Molecular weight 308 g/mole  
Melting point 88°C Estimated value: EPIWIN 
Boiling point 308°C Estimated value: EPIWIN 
Log Kow 3.39 Estimated value: EPIWIN 
Water solubility at 25°C 113 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 0.043 Pa Estimated value: EPIWIN 
Henry’s law constant 0.030 Pa m3/mol Estimated value: EPIWIN 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 42 hours Estimated value: EPIWIN 
Koc 606 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

0.0554% to air 
7.01% to sludge 

92.9% to surface water 

Estimated values: EUSES 

Filtration Unclear Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Reactive WHO, 1997; Fisk et al., 2003 
Uses Reactive flame retardant WHO, 1997 
Registered trade names and 
registered trade marks 
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Comments 
 

Preliminary assessment of potential for occurrence in water sources 
May have been used in the past but there appears to be no significant current use. The amounts used 
historically are not known. 
Reactive flame retardant and so limited potential for release from articles. 
Low removal from waste water predicted during effluent treatment. Unclear if it is likely to be removed 
effectively by filtration and UV during treatment of drinking water. 
High water solubility, high vapour pressure and moderate-low log Kow indicate that, in water, the substance 
is likely to be present in the dissolved phase although some adsorption to particulate matter and removal by 
volatilisation could occur. 
Overall low potential for current occurrence in water sources. 
 



 Brominated flame retardants - risks to UK drinking water sources 
 

 
BRE Client report number 242844  
Commercial in confidence 

© Building Research Establishment Ltd 2009  
 

 

Summary 64 Trichloromethyl tetrabromobenzene 

Identity 
Name Trichloromethyl tetrabromobenzene 
CAS No:  
Molecular formula: C7HBr4Cl3 
Structure 

 
Other names  

Properties 
Property Value Source 
Molecular weight 511 g/mole  
Melting point 140°C Estimated value: EPIWIN 
Boiling point 365°C Estimated value: EPIWIN 
Log Kow 7.46 Estimated value: EPIWIN 
Water solubility at 25°C 0.055 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 5.5×10-4 Pa Estimated value: EPIWIN 
Henry’s law constant 0.66 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 45,304 hours Estimated value: EPIWIN 
Koc 7.93×104 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

0.109% to air 
84.2% to sludge 

15.7% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
Name not listed as a LPV or HPV 
in the EU 

ESIS 

Flame retardant type Additive Based on structure and uses 
Uses ABS, polystyrene and polyester WHO, 1997 
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Registered trade names and 
registered trade marks 

  

Comments 
Different isomers are possible. The estimated properties above are for trichloromethyl 2,3,5,6-
tetrabromobenzene. 

Preliminary assessment of potential for occurrence in water sources 
May have been used in the past but there appears to be no significant current use. The amounts used 
historically are not known. 
Additive flame retardant and so there is potential for release from articles. 
Moderate removal from waste water predicted during effluent treatment. Likely to be removed effectively by 
filtration during treatment of drinking water. 
Moderate water solubility and vapour pressure and high log Kow indicate that, in water, although the 
substance will adsorb strongly to particulate matter it could also be present in the dissolved phase and 
some removal by volatilisation could occur. 
Overall moderate potential for current occurrence in water sources. 
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Summary 65 Pentabromophenyl benzoate 

Identity 
Name Pentabromophenyl benzoate 
CAS No:  
Molecular formula: C13H5Br5O2 
Structure 

 
Other names  

Properties 
Property Value Source 
Molecular weight 593 g/mole  
Melting point 195°C Estimated value: EPIWIN 
Boiling point 462°C Estimated value: EPIWIN 
Log Kow 7.49 Estimated value: EPIWIN 
Water solubility at 25°C 0.027 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 5.4×10-7 Pa Estimated value: EPIWIN 
Henry’s law constant 0.013 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 213 hours Estimated value: EPIWIN 
Koc 8.22×104 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

2.11×10-3% to air 
84.5% to sludge 

15.5% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Effective Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
Name not listed as a LPV or HPV 
in the EU 

ESIS 

Flame retardant type Additive Based on structure and uses 
Uses ABS, polyester and polystyrene WHO, 1997 
Registered trade names and   
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registered trade marks 
Comments 

 
Preliminary assessment of potential for occurrence in water sources 

May have been used in the past but there appears to be no significant current use. The amounts used 
historically are not known. 
Additive flame retardant and so potential for release from articles. 
Moderate removal from waste water predicted during effluent treatment. Likely to be removed effectively by 
filtration and UV during treatment of drinking water. 
Moderate water solubility, low vapour pressure and high log Kow indicate that, in water, although the 
substance will partition to particulate matter, it may also be present in the dissolved phase. 
Overall moderate potential for current occurrence in water sources. 
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Summary 66 1,4-Bis(bromomethyl)-tetrabromobenzene 

Identity 
Name 1,4-Bis(bromomethyl)-tetrabromo benzene 
CAS No:  
Molecular formula: C8H4Br6 
Structure 

 
Other names  

Properties 
Property Value Source 
Molecular weight 580 g/mole  
Melting point 170°C Estimated value: EPIWIN 
Boiling point 408°C Estimated value: EPIWIN 
Log Kow 7.33 Estimated value: EPIWIN 
Water solubility at 25°C 0.020 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 2.3×10-5 Pa Estimated value: EPIWIN 
Henry’s law constant 0.22 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 681 hours Estimated value: EPIWIN 
Koc 6.78×104 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

0.0423% to air 
83.1% to sludge 

16.9% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
Name not listed as a LPV or HPV 
in the EU 

ESIS 

Flame retardant type Additive Based on structure and uses 
Uses Polyolefins WHO, 1997 
Registered trade names and   
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registered trade marks 
Comments 

 
Preliminary assessment of potential for occurrence in water sources 

May have been used in the past but there appears to be no significant current use. The amounts used 
historically are not known. 
Additive flame retardant and so potential for release from articles. 
Moderate removal from waste water predicted during effluent treatment. Likely to be removed effectively by 
filtration during treatment of drinking water. 
Moderate water solubility and vapour pressure and high log Kow indicate that, in water, although the 
substance will partition to particulate matter, it is also likely to be present in the dissolved phase and 
removal by volatilisation could occur. 
Overall moderate potential for current occurrence in water sources. 
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Summary 67 Bis(2,3-dibromo-1-propyl) phthalate 

Identity 
Name Bis-(2,3-dibromo-1-propyl) phthalate 
CAS No: 7415-86-3 
Molecular formula: C14H14Br4O4 
Structure 

 
Other names 1,2-Benzenedicarboxylic acid, bis(2,3-dibromopropyl) ester 

Properties 
Property Value Source 
Molecular weight 566 g/mole  
Melting point 164°C Estimated value: EPIWIN 
Boiling point 451°C Estimated value: EPIWIN 
Log Kow 4.85 Estimated value: EPIWIN 
Water solubility at 25°C 0.32 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 2.3×10-6 Pa Estimated value: EPIWIN 
Henry’s law constant 2.8×10-9 Pa m3/mol Estimated value: EPIWIN 
Biodegradability Inherently biodegradable Estimated value: EPIWIN 
Atmospheric half-life 162 hours Estimated value: EPIWIN 
Koc 3,480 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

2.53×10-9% to air 
26.5% to sludge 

44.1% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Additive Based on structure and use 
Uses Polyesters and alkyl WHO, 1997 
Registered trade names and 
registered trade marks 

  



 Brominated flame retardants - risks to UK drinking water sources 
 

 
BRE Client report number 242844  
Commercial in confidence 

© Building Research Establishment Ltd 2009  
 

 

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
May have been used in the past but there appears to be no significant current use. The amounts used 
historically are not known. 
Additive flame retardant and so potential for release from articles. 
Moderate removal from waste water predicted during effluent treatment. Likely to be removed effectively by 
filtration during treatment of drinking water. 
High water solubility low vapour pressure and moderate log Kow indicate that, in water, although the 
substance will partition to particulate matter, it is also likely to be present in the dissolved phase. 
Overall moderate potential for current occurrence in water sources. 
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Summary 68 Hexabromocyclohexane 

Identity 
Name Hexabromocyclohexane 
CAS No: 1837-91-8 
Molecular formula: C6H6Br6 
Structure 

 
Other names Cyclohexane, 1,2,3,4,5,6-hexabromo- 

Properties 
Property Value Source 
Molecular weight 558 g/mole  
Melting point 141°C Estimated value: EPIWIN 
Boiling point 386°C Estimated value: EPIWIN 
Log Kow 4.80 Estimated value: EPIWIN 
Water solubility at 25°C 0.26 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 3.7×10-4 Pa Estimated value: EPIWIN 
Henry’s law constant 8.2×10-7 Pa m3/mol Estimated value: EPIWIN 
Biodegradability Inherently biodegradable Estimated value: EPIWIN 
Atmospheric half-life 558 hours Estimated value: EPIWIN 
Koc 3,280 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

7.54×10-7% to air 
25.5% to sludge 

44.8% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Additive (it is possible that this 
substance is actually a blowing 
agent rather than a flame 
retardant) 

Based on the structure and use 



 Brominated flame retardants - risks to UK drinking water sources 
 

 
BRE Client report number 242844  
Commercial in confidence 

© Building Research Establishment Ltd 2009  
 

 

Uses Styrene foams WHO, 1997 
Registered trade names and 
registered trade marks 

  

Comments 
The structure given in WHO (1997) is for hexabromobenzene. We have assumed here that the actual 
substance is hexabromocyclohexane. 

Preliminary assessment of potential for occurrence in water sources 
May have been used in the past but there appears to be no significant current use. The amounts used 
historically are not known. 
Additive flame retardant and so potential for release from articles. However, it is possible that the substance 
is used as a blowing agent rather than a flame retardant. 
Moderate removal from waste water predicted during effluent treatment. Unclear if it is likely to be removed 
effectively by filtration or UV during treatment of drinking water. 
High water solubility, moderate vapour pressure and moderate log Kow indicate that, in water, although the 
substance will partition to particulate matter, it is also likely to be present in the dissolved phase and 
removal by volatilisation could occur. 
Overall moderate potential for current occurrence in water sources. However it is possible that the 
substance is a blowing agent rather than a flame retardant. 
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Summary 69 5,6-Dibromohexahydro-2-phenyl-4,7-methano-1H-isoindole-1,3(2H)-dione 

Identity 
Name 5,6-dibromohexahydro-2-phenyl-4,7-methano-1H-isoindole-1,3(2H)-

dione 
CAS No: 40703-79-5 
Molecular formula: C15H13Br2NO2 
Structure 

 
Other names 4,7-Methano-1H-isoindole-1,3(2H)-dione, 5,6-dibromohexahydro-2-

phenyl- 
Properties 

Property Value Source 
Molecular weight 399 g/mole  
Melting point 216°C Estimated value: EPIWIN 
Boiling point 508°C Estimated value: EPIWIN 
Log Kow 1.95 Estimated value: EPIWIN 
Water solubility at 25°C 0.60 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 2.1×10-8 Pa Estimated value: EPIWIN 
Henry’s law constant 1.4×10-4 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Inherently biodegradable Estimated value: EPIWIN 
Atmospheric half-life 17 hours Estimated value: EPIWIN 
Koc 108 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

1.76×10-4% to air 
1.18% to sludge 

58.5% to surface water 

Estimated values: EUSES 

Filtration Not effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Not clear Based on structure and use 
Uses Styrenic polymers WHO, 1997 
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Registered trade names and 
registered trade marks 

  

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
May have been used in the past but there appears to be no significant current use. The amounts used 
historically are not known. 
Not clear if it is an additive or reactive flame retardant and so a potential for release from articles cannot be 
ruled out. 
Low removal from waste water predicted during effluent treatment. Not likely to be removed effectively by 
filtration during treatment of drinking water. 
High water solubility, low vapour pressure and low log Kow indicate that, in water, the substance is likely to 
be present mainly in the dissolved phase and removal by volatilisation could occur. 
Overall moderate potential for current occurrence in water sources. 
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Summary 70 Hexachlorocyclopentadienyl-dibromocyclooctane 

Identity 
Name Hexachlorocyclopenta-dienyl-dibromocyclooctane 
CAS No: 51936-55-1 
Molecular formula: C13H12Br2Cl6 
Structure 

 
Other names 1,4-Methanobenzocyclooctene, 7,8-dibromo-1,2,3,4,11,11-hexachloro-

1,4,4a,5,6,7,8,9,10,10a-decahydro- 
Properties 

Property Value Source 
Molecular weight 541 g/mole  
Melting point 173°C Estimated value: EPIWIN 
Boiling point 415°C Estimated value: EPIWIN 
Log Kow 7.91 Estimated value: EPIWIN 
Water solubility at 25°C 1.4×10-4 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 1.4×10-5 Pa Estimated value: EPIWIN 
Henry’s law constant 1.8 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 29 hours Estimated value: EPIWIN 
Koc 1.36×105 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

0.174% to air 
87.2% to sludge 

12.6% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Reactive (see comments) Based on structure and use 
Uses Styrenic polymers  
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Registered trade names and 
registered trade marks 

  

Comments 
The CAS Number 61090-89-9 is sometimes used for this substance, however, this appears to relate to a 
different structure. The estimated properties here are based on the structure suggested by the name. 
It is not entirely clear if this substance is a reactive or additive flame retardant. WHO (1997) gives several 
examples of chlorinated flame retardants with a similar structure that are reactive flame retardants and so it 
has been assumed here that this substance is also a reactive flame retardant. 

Preliminary assessment of potential for occurrence in water sources 
May have been used in the past but there appears to be no significant current use. The amounts used 
historically are not known. 
Reactive flame retardant and so has a limited potential for release from articles. 
Moderate removal from waste water predicted during effluent treatment. Likely to be removed effectively by 
filtration during treatment of drinking water. 
Moderate water solubility and vapour pressure and high log Kow indicate that, in water, although the 
substance will partition to particulate matter, it is also likely to be present in the dissolved phase and 
removal by volatilisation could occur. 
Overall low potential for current occurrence in water sources. 
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Summary 71 Dibromochlordene 

Identity 
Name Dibromochlordene  
CAS No: 18300-04-4 
Molecular formula: C10H6Br2Cl6 
Structure 

 
Other names 4,7-Methano-1H-indene, 1,2-dibromo-4,5,6,7,8,8-hexachloro-

2,3,3a,4,7,7a-hexahydro-` 
Properties 

Property Value Source 
Molecular weight 499 g/mole  
Melting point 155°C Estimated value: EPIWIN 
Boiling point 377°C Estimated value: EPIWIN 
Log Kow 6.44 Estimated value: EPIWIN 
Water solubility at 25°C 1.3×10-3 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 1.9×10-4 Pa Estimated value: EPIWIN 
Henry’s law constant 0.76 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 53 hours Estimated value: EPIWIN 
Koc 2.34×104 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

0.353% to air 
70% to sludge 

29.6% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Reactive (see comments) Based on structure and use 
Uses Styrenic polymers WHO, 1997 
Registered trade names and   
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registered trade marks 
Comments 

It is not entirely clear if this substance is a reactive or additive flame retardant. WHO (1997) gives several 
examples of chlorinated flame retardants with a similar structure that are reactive flame retardants and so it 
has been assumed here that this substance is also a reactive flame retardant. 

Preliminary assessment of potential for occurrence in water sources 
May have been used in the past but there appears to be no significant current use. The amounts used 
historically are not known. 
Reactive flame retardant and so has a limited potential for release from articles. 
Moderate removal from waste water predicted during effluent treatment. Likely to be removed effectively by 
filtration during treatment of drinking water. 
High water solubility, moderate vapour pressure and high log Kow indicate that, in water, although the 
substance will partition to particulate matter, it is also likely to be present in the dissolved phase and 
removal by volatilisation could occur. 
Overall low potential for current occurrence in water sources. 
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Summary 72 Tris(2,4,6-tribromophenyl) phosphate 

Identity 
Name Tris(2,4,6-tribromophenyl) phosphate 
CAS No:  
Molecular formula: C18H6Br9O4P 
Structure 

 
Other names  

Properties 
Property Value Source 
Molecular weight 1,036 g/mole  
Melting point 90°C Estimated value: EPIWIN 
Boiling point 480°C Estimated value: EPIWIN 
Log Kow 12.71 Estimated value: EPIWIN 
Water solubility at 25°C 1.7×10-6 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 2.7×10-6 Pa Estimated value: EPIWIN 
Henry’s law constant 1.0×10-6 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 359 hours Estimated value: EPIWIN 
Koc 4.26×107 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

3.4×10-10% to air 
92% to sludge 

8.02% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
Name not listed as a LPV or HPV 
in the EU 

ESIS 

Flame retardant type Additive Based on structure and uses 
Uses Engineering thermoplastics WHO, 1997 
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Registered trade names and 
registered trade marks 

  

Comments 
 

Preliminary assessment of potential for occurrence in water sources 
May have been used in the past but there appears to be no significant current use. The amounts used 
historically are not known. 
Additive flame retardant and so has potential for release from articles. 
High removal from waste water predicted during effluent treatment. Likely to be removed effectively by 
filtration during treatment of drinking water. 
Low water solubility and vapour pressure and high log Kow indicate that, in water, the substance will 
partition mainly to particulate matter and sediment. 
Overall low potential for current occurrence in water sources. 
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Summary 73 Bis(1,3-dichloro-2-propyl)-(3-chloro-2,2-dibromomethylpropyl) phosphate 

Identity 
Name Bis(1,3-dichloro-2-propyl)-(3-chloro-2,2-dibromomethylpropyl) 

phosphate 
CAS No: See below 
Molecular formula: C11H18Br2Cl5O4P 
Structure 

 
Other names  

Properties 
Property Value Source 
Molecular weight 582 g/mole  
Melting point 90°C Estimated value: EPIWIN 
Boiling point 480°C Estimated value: EPIWIN 
Log Kow 5.03 Estimated value: EPIWIN 
Water solubility at 25°C 0.43 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 2.7×10-6 Pa Estimated value: EPIWIN 
Henry’s law constant 1.8×10-5 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 10 hours Estimated value: EPIWIN 
Koc 4,320 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

2.27×10-5% to air 
34.1% to sludge 

65.9% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Additive Based on structure 
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Uses Polyolefins WHO, 1997 
Registered trade names and 
registered trade marks 

  

Comments 
The CAS Number 61090-89-9 is sometimes given for this substance. However this appears to relate to a 
different structure. The estimated properties above are based on the structure suggested by the name. 

Preliminary assessment of potential for occurrence in water sources 
May have been used in the past but there appears to be no significant current use. The amounts used 
historically are not known. 
Additive flame retardant and so has a potential for release from articles. 
Low removal from waste water predicted during effluent treatment. Likely to be removed effectively by 
filtration during treatment of drinking water. 
High water solubility, low vapour pressure and moderate log Kow indicate that, in water, although the 
substance will partition to particulate matter, it is also likely to be present in the dissolved phase. 
Overall moderate potential for current occurrence in water sources. 
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Summary 74 Chlorinated phosphonic acid ester condensate with tris-dibromopropyl-isocynayrate 

Identity 
Name Chlorinated phosphonic acid ester condensate with tris-dibromo-

propyl-iso-cyanurate 
CAS No:  
Molecular formula:  
Structure  
Other names  

Properties 
Property Value Source 
Molecular weight No estimate possible  
Melting point No estimate possible  
Boiling point No estimate possible  
Log Kow No estimate possible  
Water solubility at 25°C No estimate possible  
Vapour pressure at 25°C No estimate possible  
Henry’s law constant No estimate possible  
Biodegradability No estimate possible  
Atmospheric half-life No estimate possible  
Koc No estimate possible  
Behaviour during biological waste 
water treatment 

No estimate possible  

Filtration Not clear Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
Used in the past – no current use WHO, 1997 Tonnage 
Name not listed as a LPV or HPV 
in the EU 

ESIS 

Flame retardant type Reactive Based on name and use 
Uses Polyurethane foam WHO, 1997 
Registered trade names and 
registered trade marks 

  

Comments 
Structure/composition not clear and so it is not possible to estimate the properties. Based on the name, and 
its use in polyurethane foam, the substance is most probably a reactive component of polyurethane foams. 

Preliminary assessment of potential for occurrence in water sources 
May have been used in the past but there appears to be no significant current use. The amounts used 
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historically are not known. 
Reactive flame retardant and so has a potential for release from articles. 
The behaviour of the substance in the environment cannot be predicted owing to lack of information over 
the precise structure. 
Overall low potential for current occurrence in water sources. 
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Summary 75 N,N’-Bis(tetrabromophthalimide) 

Identity 
Name N-N'-Bis(tetrabromo phthalimide)  
CAS No: 26040-45-9 
Molecular formula: 

 
Structure C16Br8N2O4 
Other names TBPA-Imide 

Properties 
Property Value Source 
Molecular weight 923  
Melting point 350°C Estimated value: EPIWIN 
Boiling point 864°C Estimated value: EPIWIN 
Log Kow 9.55 Estimated value: EPIWIN 
Water solubility at 25°C 9.0×10-5 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 1.5×10-19 Pa Estimated value: EPIWIN 
Henry’s law constant 5.1×10-15 Estimated value: EPIWIN (bond 

method) 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 13 hours Estimated value: EPIWIN 
Koc 9.7×105 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

0 % to air 
91.3 % to sludge 
8.7 % to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Effective Expert judgement 

Uses 
Not listed in the review of current 
and past flame retardants 

WHO, 1997 Tonnage 

CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Additive Based on structure 
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Uses   
Registered trade names and 
registered trade marks 

  

Comments 
Identity unclear. The CAS number appears to be 26040-45-9 but little information appears to be available 
for this CAS Number. The structure and estimates here are based on the structure suggested by the name. 

Preliminary assessment of potential for occurrence in water sources 
Appears to be no significant current use.  
Additive flame retardant and so has a potential for release from articles. 
High removal from waste water predicted during effluent treatment. Likely to be removed effectively by 
filtration and UV during treatment of drinking water. 
Low water solubility, low vapour pressure and high log Kow indicate that, in water, the substance will 
partition mainly to particulates and sediment. 

The lack of information available about this substance means that it is difficult to assess the potential for 
current occurrence in water sources. Based on the apparent lack of current or historical) use this substance 
is considered to have an overall low potential for current occurrence in water sources. This substance is 
structurally similar to N,N’ethylene-bis(tetrabromophthalimide) (see Summary 15) and it is possible that the 
name here is in error and it is the same substance. 
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Summary 76 Dibromoethyldibromocyclohexane 

Identity 
Name Dibromoethyldibromocyclohexane 
CAS No: See below 
Molecular formula: C8H12Br4 
Structure 

 
Other names 1,2-Dibromoethyl-2,4-dibromocyclohexane 

Properties 
Property Value Source 
Molecular weight 428 g/mole  
Melting point 99°C Estimated value: EPIWIN 
Boiling point 337°C Estimated value: EPIWIN 
Log Kow 5.24 Estimated value: EPIWIN 
Water solubility at 25°C 0.92 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 0.014 Pa Estimated value: EPIWIN 
Henry’s law constant 5.8×10-3 Pa m3/mol Estimated value: EPIWIN 
Biodegradability Inherently biodegradable Estimated value: EPIWIN 
Atmospheric half-life 82 hours Estimated value: EPIWIN 
Koc 5,560 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

4.51×10-3% to air 
35.8% to sludge 

38.9% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
Not listed in the review of current 
and past flame retardants 

WHO, 1997 Tonnage 

CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 

Flame retardant type Additive (it is possible the this 
substance is actually a blowing 
agent) 

Based on structure 

Uses   
Registered trade names and   
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registered trade marks 
Comments 

The CAS Number sometimes given for this substance (CAS Number 3322-93-6) is not correct. The above 
property estimates are based on an example structure suggested by the name (1.2-dibromomethyl-2,4-
dibromocyclohexane). 

Preliminary assessment of potential for occurrence in water sources 
Appears to be no significant current use.  
Additive flame retardant and so has a potential for release from articles. However it is possible the 
substance is a blowing agent rather than a brominated flame retardant. 
Moderate removal from waste water predicted during effluent treatment (the substance is expected to be 
inherently biodegradable). Likely to be removed effectively by filtration during treatment of drinking water. 
High water solubility and vapour pressure and moderate log Kow indicate that, in water, although the 
substance will partition to particulates it will also be present in the dissolved phase and loss by volatilisation 
could occur. 
Based on the apparent lack of current (or historical) use this substance it is considered to have an overall 
low potential for current occurrence in water sources. It is possible that the substance is used as a blowing 
agent rather than a flame retardant. 
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Summary 77 Ammonium bromide 

Identity 
Name Ammonium bromide 
CAS No: 12124-97-9 
Molecular formula: NH4Br 
Structure 

 
Other names  

Properties 
Property Value Source 
Molecular weight 98 g/mole  
Melting point 278°C Estimated value: EPIWIN 
Boiling point 639°C Estimated value: EPIWIN 
Log Kow -4.37 Estimated value: EPIWIN 
Water solubility at 25°C 7.6×105 mg/l Experimental value: EPIWIN 

database 
Vapour pressure at 25°C 1.5×10-12 Pa Estimated value: EPIWIN 
Henry’s law constant 3.1×10-8 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Inherently biodegradable Estimated value: EPIWIN 
Atmospheric half-life No estimate possible  
Koc 0.0559 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

3.94×10-8% to air 
6.2×10-4% to sludge 

59.2% to surface water 

Estimated values: EUSES 

Filtration Not effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
High (>5,000 tonnes/year 
worldwide) 

WHO, 1997 
 

High production volume chemical 
in the EU (>1,000 tonnes/year) 

ESIS 

Tonnage 

EU consumption >1,500 
tonnes/year 

Fisk et al., 2003 

Flame retardant type   
Cellulosics WHO, 1997 Uses 
Used in the chemical industry as  
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an intermediate and as a flame 
retardant 

Registered trade names and 
registered trade marks 

FR-11  

Comments 
Inorganic flame retardant. In water it will dissociate to form ammonium ions and bromide ions. 

Preliminary assessment of potential for occurrence in water sources 
Although this substance is used in large amounts, in water it will dissociate to form ammonium ions and 
bromide ions. Therefore it is not considered further in the current project. 
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Summary 78 Phthalic acid, tetrabromo-bis(2-ethylhexyl) ester 

Identity 
Name Phthalic acid, tetrabromo-bis(2-ethylhexyl) ester 
CAS No: 26040-51-7 
Molecular formula: C24H34Br4O4 
Structure 

 
Other names  

Properties 
Property Value Source 
Molecular weight 706 g/mole Estimated value: EPIWIN 
Melting point 229°C Estimated value: EPIWIN 
Boiling point 540°C Estimated value: EPIWIN 
Log Kow 11.95 Estimated value: EPIWIN 
Water solubility at 25°C 1.9×10-6 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 2.3×10-9 Pa Estimated value: EPIWIN 
Henry’s law constant 0.031 Pa m3/mol Estimated value: EPIWIN 
Biodegradability Inherently biodegradable Estimated value: EPIWIN 
Atmospheric half-life 18 hours Estimated value: EPIWIN 
Koc 1.71×107 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

2.59×10-5% to air 
91.9% to sludge 

8.03% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
Not listed in the review of current 
and past flame retardants 

WHO, 1997 Tonnage 

Low production volume chemical 
in the EU (<1,000 tonnes/year) 

ESIS 

Flame retardant type Additive Based on structure 
Uses   
Registered trade names and DP-45  
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registered trade marks DP-185 
Comments 

 
Preliminary assessment of potential for occurrence in water sources 

Significant current use in the EU (up to 1,000 tonnes/year). 
Additive flame retardant and so has a potential for release from articles. 
High removal from waste water predicted during effluent treatment (the substance is expected to be 
inherently biodegradable). Likely to be removed effectively by filtration during treatment of drinking water. 
Low water solubility and vapour pressure and high log Kow indicate that, in water, the substance will 
partition mainly to particulates and sediment. 
Overall moderate potential for current occurrence in water sources. 
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Summary 79 1,2-Benzenecarboxylic acid, 3,4,5,6-tetrabromo-, mixed esters with diethylene glycol 
and propylene glycol 

Identity 
Name 1,2-Benzenedicarboxylic acid, 3,4,5,6-tetrabromo-, mixed esters with 

diethylene glycol and propylene glycol 
CAS No: 77098-07-8 (see below) 
Molecular formula: C15H16Br4O7 
Structure 

 
Other names  

Properties 
Property Value Source 
Molecular weight 628 g/mole  
Melting point 230°C Estimated value: EPIWIN 
Boiling point 538°C Estimated value: EPIWIN 
Log Kow 3.83 Estimated value: EPIWIN 
Water solubility at 25°C 769 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 3.2×10-12 Pa Estimated value: EPIWIN 
Henry’s law constant 2.3×10-16 Pa m3/mol Estimated value: EPIWIN 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 13 hours Estimated value: EPIWIN 
Koc 1,030 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

4.04×10-16% to air 
11.3% to sludge 

88.7% to surface water 

Estimated values: EUSES 

Filtration Not clear Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
Not listed in the review of current 
and past flame retardants 

WHO, 1997 Tonnage 

CAS Number not listed as a LPV 
or HPV in the EU 

ESIS 
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Flame retardant type Reactive Fisk et al., 2003 
Uses Used as a reactive flame 

retardant for Class 1 and Class 2 
rigid polyurethane foams. Can 
also be used in polyurethane, 
elastomers, coatings, adhesives 
and fibres. 

 

Registered trade names and 
registered trade marks 

PHT4-Diol 
Saytex RB-79 
Saytex RB-7980 

 

Comments 
The same (or similar) substance also appears under CAS Number 20566-35-2 (Summary 29 and 
Summary 41). 

Preliminary assessment of potential for occurrence in water sources 
Overall high potential for occurrence in water sources based on the evaluation of two similar (or the same) 
substance (Summary 29 and Summary 41). 
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Summary 80 Ethane-1,2-bis(pentabromophenyl) 

Identity 
Name Ethane-1,2-bis(pentabromophenyl) 
CAS No: 84852-53-9 
Molecular formula: C14H4Br10  
Structure 

 
Other names Decabromodiphenyl ethane 

1,2-Bis(pentabromophenyl) ethane 
1,1'-(Ethane-1,2-diyl)bis[pentabromobenzene] 

Properties 
Property Value Source 
Molecular weight 971 g/mole  
Melting point ~345°C Dungey and Akintoye, 2007 
Boiling point Substance degrades before 

boiling occurs 
Dungey and Akintoye, 2007 

Log Kow ~7-10 Estimated range: EPIWIN and 
ALOGPS (Dungey and Akintoye, 
2007) 

Water solubility at 25°C ~7.2×10-4 mg/l Measured value: Dungey and 
Akintoye, 2007 (column elution 
method; commercial substance) 

Vapour pressure at 25°C ~1.0×10-6 Pa Assumed value for risk evaluation 
implying low volatility: Dungey 
and Akintoye, 2007 

Henry’s law constant 1.35 Pa m3/mol Estimated value: TGD, 2003 
(Dungey and Akintoye, 2007) 

Biodegradability Not readily biodegradable Dungey and Akintoye, 2007 
Atmospheric half-life 161 hours Estimated value: EPIWN (Dungey 

and Akintoye, 2007) 
Koc 1.0×106 Pa Limit value: EUSES (Dungey and 

Akintoye, 2007) 
Behaviour during biological waste 
water treatment 

0.01% to air 
91.3% to sludge 

Estimated values: EUSES 
(Dungey and Akintoye, 2007) 
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8.7% to surface water 
Filtration Effective Expert judgement Behaviour 

during 
treatment of 
drinking water 

UV Effective Expert judgement 

Uses 
European sales figures estimated 
to be around 2,500 tonnes/year. 
Total amount used in UK <1,000 
tonnes/year. There is currently no 
European production facility. 

Dungey and Akintoye, 2007 Tonnage 

Moderate (1,000-5,000) 
tonnes/year worldwide 

WHO, 1997 

Flame retardant type Additive Dungey and Akintoye, 2007; Fisk 
et al., 2003 

General purpose flame retardant 
for textiles and a variety of 
polymer applications. 

Dungey and Akintoye, 2007 Uses 

Thermoplastics such as high 
impact polystyrene, ABS, 
polypropylene, polyamide and 
polyester/cotton 

WHO, 1997 

Registered trade names and 
registered trade marks 

Firemaster 2100 
Saytex 8010 
Planelon BDE 
S8010 

Dungey and Akintoye, 2007 

Comments 
This substance is a structural analogue of the substance registered as CAS Number 61262-53-1 
(Summary 2).  

Preliminary assessment of potential for occurrence in water sources 
Significant current use in the UK (up to 1,000 tonnes/year). 
Additive flame retardant and so has a potential for release from articles. 
High removal from waste water predicted during effluent treatment. Likely to be removed effectively by 
filtration during treatment of drinking water. 
Moderate water solubility, low vapour pressure and high log Kow indicate that, in water, although the 
substance will partition to particulates, it may also be present in the dissolved phase. 
Overall high potential for current occurrence in water sources. 
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Summary 81 Brominated polystyrene 

Identity 
Name Brominated polystyrene 
CAS No: 88497-56-7 
Molecular formula: Variable 
Structure Variable 
Other names  

Properties 
Property Value Source 
Molecular weight No estimated possible  
Melting point No estimated possible  
Boiling point No estimated possible  
Log Kow No estimated possible  
Water solubility at 25°C No estimated possible  
Vapour pressure at 25°C No estimated possible  
Henry’s law constant No estimated possible  
Biodegradability No estimated possible – not 

expected to be readily 
biodegradable 

Expert judgement 

Atmospheric half-life No estimated possible  
Koc No estimated possible  
Behaviour during biological waste 
water treatment 

No estimated possible  

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
  Tonnage 
  

Flame retardant type   
Uses Additive (polymeric) Fisk et al., 2003 
Registered trade names and 
registered trade marks 

Firemaster BP-411 
Firemaster CP-44HF 
Saytex HP-7010P 
Saytext HP-7010G 
Saytex HP-775 
Saytex HP-3010 
Pyro-Chek 68PB/BC 
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FR-803P 
Comments 

This appears to be a brominated polymer. 
Preliminary assessment of potential for occurrence in water sources 

The physical nature of polymers (high molecular weight and generally very low solubility) means that it is 
unlikely that the polymer will occur in water sources at measurable concentrations. Therefore the polymer is 
judged to have an overall low potential for current occurrence in water sources. 
 



 Brominated flame retardants - risks to UK drinking water sources 
 

 
BRE Client report number 242844  
Commercial in confidence 

© Building Research Establishment Ltd 2009  
 

 

Summary 82 Physical blend of brominated polystyrene and a polyester resin 

Identity 
Name Physical blend of brominated polystyrene and a polyester resin 
CAS No:  
Molecular formula: Variable 
Structure Variable 
Other names  

Properties 
Property Value Source 
Molecular weight No estimated possible  
Melting point No estimated possible  
Boiling point No estimated possible  
Log Kow No estimated possible  
Water solubility at 25°C No estimated possible  
Vapour pressure at 25°C No estimated possible  
Henry’s law constant No estimated possible  
Biodegradability No estimated possible – not 

expected to be readily 
biodegradable 

Expert judgement 

Atmospheric half-life No estimated possible  
Koc No estimated possible  
Behaviour during biological waste 
water treatment 

No estimated possible  

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
  Tonnage 
  

Flame retardant type   
Uses Additive (polymeric)  
Registered trade names and 
registered trade marks 

Saytex PBT-620  

Comments 
This appears to be a blend of polymers. 

Preliminary assessment of potential for occurrence in water sources 
The physical nature of polymers (high molecular weight and generally very low solubility) means that it is 
unlikely that the polymer will occur in water sources at measurable concentrations. Therefore the polymer is 
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judged to have an overall low potential for current occurrence in water sources. 
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Summary 83 Brominated epoxy 

Identity 
Name Brominated epoxy 
CAS No: 3072-84-2 
Molecular formula: C21H20Br4O4 
Structure 

 
Other names  

Properties 
Property Value Source 
Molecular weight 656 g/mole  
Melting point 233°C Estimated value: EPIWIN 
Boiling point 544°C Estimated value: EPIWIN 
Log Kow 7.40 Estimated value: EPIWIN 
Water solubility at 25°C  1.2×10-3 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 1.6×10-9 Pa Estimated value: EPIWIN 
Henry’s law constant 1.1×10-7 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability No readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life  21 hours Estimated value: EPIWIN 
Koc 7.38×104 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

1.97×10-8% to air 
83.7% to sludge 

16.3% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Unclear Expert judgement 

Uses 
  Tonnage 
  

Flame retardant type Reactive (see below) Based on name and probable use 
Uses Epoxy resins (see below)  
Registered trade names and F-2200HM  
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registered trade marks 
Comments 

Brominated epoxy resin/tribromophenol also appears under the CAS number 135229-48-0 (and is reported 
to be both an additive and reactive flame retardant (Fisk et al., 2003)).  
It is likely that the substance is a reactive intermediate/flame retardant used in the production of epoxy 
resins. Brominated epoxy polymer is supplied under the CAS Number 68928-70-1 (Summary 85). 
The epoxy groups in the molecule may be susceptible to hydrolysis in water. 
Other related substances could include brominated epoxy - endcapped and brominated epoxy – partially 
endcapped (CAS 139638-58-7) (Fisk et al., 2003). Examples for registered trade names and registered 
trade marks for brominated epoxy – endcapped include F-3014, F-3020, F-3100 and F-3516. 

Preliminary assessment of potential for occurrence in water sources 
Not clear if this substance is currently used in significant amounts in the EU (but brominated epoxy resins 
are and there is at least one product on the market worldwide). 
Probably a reactive flame retardant and so has limited potential for release from articles. 
Moderate removal from waste water predicted during effluent treatment. Likely to be effectively removed by 
filtration during treatment of drinking water. 
Moderate water solubility, low vapour pressure and high log Kow suggest that, in water, although the 
substance will partition to particulate matter, it may also still be present in the water phase. 
Overall moderate potential for current occurrence in water sources (may hydrolyses however). 
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Summary 84 2,4,6-Tris(2,4,6-tribromophenoxy)-1,3,5-triazine 

Identity 
Name 2,4,6-Tris(2,4,6-tribromophenoxy)-1,3,5-triazine 
CAS No: 25713-60-4 
Molecular formula: C21H6Br9N3O3 
Structure 

 
Other names Tris (tribromophenyl) cyanurate 

Properties 
Property Value Source 
Molecular weight 1067 g/mole  
Melting point 338°C Estimated value: EPIWIN 
Boiling point 768°C Estimated value: EPIWIN 
Log Kow 11.46 Estimated value: EPIWIN 
Water solubility at 25°C 1.1×10-6 mg/l Estimated value: EPIWIN 
Vapour pressure at 25°C 9.3×10-17 Pa Estimated value: EPIWIN 
Henry’s law constant 2.5×10-7 Pa m3/mol Estimated value: EPIWIN (bond 

method) 
Biodegradability Not readily biodegradable Estimated value: EPIWIN 
Atmospheric half-life 260 hours Estimated value: EPIWIN 
Koc 9.5×106 l/kg Estimated value: EUSES (default 

QSAR) 
Behaviour during biological waste 
water treatment 

0% to air 
8.1% to sludge 

91.9% to surface water 

Estimated values: EUSES 

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses  

CAS Number not listed as a LPV 
or HPV in the EU 

ESIS Tonnage 

Identified as a possible flame 
retardant used in UK/EU 

Fisk et al., 2003 

Flame retardant type Additive Based on structure 
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Uses HIPS, polystyrene, ABS  
Registered trade names and 
registered trade marks 

FR-245  

Comments 
Appears to be marketed as an alternative to the polybrominated diphenyl ethers and so use could be 
increasing. 

Preliminary assessment of potential for occurrence in water sources 
Not clear if used in the EU or UK in significant amounts but at least one product appears on the market 
worldwide. 
Additive flame retardant and so has potential for release from articles. 
High removal from waste water predicted during effluent treatment. Likely to be effectively removed by 
filtration during treatment of drinking water. 
Low water solubility and vapour pressure and high log Kow value suggest that, in water, the substance will 
partition mainly to particulate matter and sediment. 
Overall moderate potential for current occurrence in water sources. 
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Summary 85 Brominated epoxy polymer 

Identity 
Name Brominated epoxy polymer 
CAS No: 68928-70-1 
Molecular formula: Variable 
Structure Variable 
Other names  

Properties 
Property Value Source 
Molecular weight No estimated possible  
Melting point No estimated possible  
Boiling point No estimated possible  
Log Kow No estimated possible  
Water solubility at 25°C No estimated possible  
Vapour pressure at 25°C No estimated possible  
Henry’s law constant No estimated possible  
Biodegradability No estimated possible – not 

expected to be readily 
biodegradable 

Expert judgement 

Atmospheric half-life No estimated possible  
Koc No estimated possible  
Behaviour during biological waste 
water treatment 

No estimated possible  

Filtration Effective Expert judgement Behaviour 
during 
treatment of 
drinking water 

UV Not clear Expert judgement 

Uses 
  Tonnage 
  

Flame retardant type Additive (polymeric) Fisk et al., 2003 
Uses   
Registered trade names and 
registered trade marks 

FR-2001 
F-2016 
F-2100 
F-2300; F-2300H 
F-2400; F-2400E; F-2400H 

 

Comments 
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Preliminary assessment of potential for occurrence in water sources 
The physical nature of polymers (high molecular weight and generally very low solubility) means that it is 
unlikely that the polymer will occur in water sources at measurable concentrations. Therefore the polymer is 
judged to have an overall low potential for current occurrence in water sources. 
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Appendix B – Summary of predicted concentrations for the BFRs with a moderate 
potential for occurrence in water sources 
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Table B1 Predicted local concentrations of substances with a moderate potential for occurrence in water sources 

Plastics Textiles Substance Summary 
Number 

Use Pattern 

Annual 
average PEC 

in surface 
water 

(dissolved) 
(mg/l) 

Local PEC in 
pore water of 
agricultural 
soils (mg/l) 

Local conc. 
in source 

water (prior 
to treatment) 

(mg/l) 

Annual 
average PEC 

in surface 
water 

(dissolved) 
(mg/l) 

Local PEC in 
pore water of 
agricultural 
soils (mg/l) 

Local conc. in 
source water 

(prior to 
treatment) 

(mg/l) 

Compounding 6.89×10-7 2.68×10-6 2.68×10-6    

Conversion 4.89×10-9 1.34×10-8 1.34×10-8    

Tetradecabromo-
diphenoxy benzene 

 

32 

Combined  6.93×10-7 2.70×10-6 2.70×10-6    

Compounding 8.0×10-3 0.103 0.103    

Conversion 4.53×10-5 5.14×10-4 5.14×10-4    

Tris(tribromoneo-
pentyl) phosphate 

44 

Combined  8.04×10-3 0.103 0.103    

Compounding 8.93×10-3 0.028 0.028 7.98×10-4 5.38×10-3 5.38×10-3 

Conversion 1.44×10-4 2.34×10-4 2.34×10-4 5.53×10-3 0.0108 0.0108 

Pentabromoethyl-
benzene 

 

49 

Combined  9.01×10-3 0.0283 0.0283 8.25×10-3 0.0161 0.0161 

Compounding 0.0188 0.895 0.895 1.27×10-3 0.0121 0.0121 

Conversion 2.33×10-3 0.107 0.107 9.02×10-3 0.0242 0.0242 

Tetrabromoxylene 

 

50 

Combined 0.0211 1.0 1.0 0.0135 0.0363 0.0363 

2,4,6- 51 Compounding 0.0259 0.614 0.614    

Conversion 7.05E×10-4 0.0152 0.0152    Tribromophenoxy-
2,3-dibromopropane 

 

Combined  0.0265 0.63 0.63    
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Table B2 Predicted regional concentrations of substances with a moderate potential for occurrence in water sources 

Substance Summary 
Number 

Regional PEC in surface 
water (dissolved) (mg/l) 

Regional PEC in pore 
water of agricultural 

soils (mg/l) 

Regional concentration 
in source water (mg/l) 

Purification factor for 
EUSES drinking water 

calculationsa 

Tetradecabromodiphenoxy benzene 32 1.46×10-9 1.58×10-9 1.58×10-9 0.25 

Tris(tribromoneopentyl) phosphate 44 5.41×10-6 8.86×10-6 8.86×10-6 0.25 

Pentabromoethylbenzene 49 7.09×10-5 2.20×10-4 2.20×10-4 0.25 

Tetrabromoxylene 50 8.31×10-5 3.48×10-4 3.48×10-4 0.25 

2,4,6-Tribromophenoxy-2,3-
dibromopropane 

51 6.47×10-5 1.02×10-4 1.02×10-4 0.25 

a – see main text for explanation of this factor 

 



 Brominated flame retardants - risks to UK drinking water sources 
 

 
BRE Client report number 242844  
Commercial in confidence 

© Building Research Establishment Ltd 2009  
 

 

 


