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Executive summary  

1. The commercially available brominated flame retardant hexabromocyclododecane (HBCD) is lipophilic, has a 
high affinity to particulate matter and low water solubility. Depending on the manufacturer and the production method 
used, technical HBCD consists of 70-95% γ-HBCD and 3-30 % of α- and β-HBCD. HBCD has attracted attention as a 
contaminant of concern in several regions, by international environmental forums and academia. In the EU, HBCD has 
been identified as a Substance of Very High Concern (SVHC) meeting the criteria of a PBT (persistent, 
bioaccumulative and toxic) substance pursuant to Article 57(d) in the REACH regulation. In December 2009, HBCD 
was considered by the Executive Body (EB) of the UNECE Convention on Long-Range Transboundary Air Pollution 
(LRTAP) to meet the criteria for POPs, set out in EB decision 1998/2.  

2. HBCD is used as a flame retardant additive in polystyrene and textile products. Its main use is in the production 
of expanded and extruded polystyrene (EPS and XPS). It is also used in the production of high impact polystyrene 
(HIPS) and as a textile coating. HBCD is reported to be produced in the United States of America, Europe, and Asia 
and the main share of the market volume is used in Europe. There is information available about several HBCD 
suppliers in China, but information about amounts imported or produced in China is not available. The demand for 
HBCD is increasing as are the levels in the environment.  

3. There are releases to the environment at all the different stages of the HBCD life cycle. The total releases are 
increasing in all regions investigated. The largest releases are estimated to be to water from production of insulation 
boards, to water and air from textile coating and there are also diffuse releases during the life cycle of insulation boards 
and textiles. HBCD is found to be widespread in the global environment, with elevated levels in top predators in the 
Arctic. In biota, HBCD has been found to bioconcentrate, bioaccumulate and to biomagnify at higher trophic levels. 
Several trend studies show an increase of HBCD in the environment and in human tissues from 1970/1980s until recent 
years. Its increased presence in the environment is likely attributed to the increased global demand. The general trend is 
to higher environmental HBCD levels near point sources and urban areas. High concentrations have been identified in 
Europe and  in coastal waters of Japan and south China, near production sites of HBCD, manufacturing sites of 
products containing HBCD and waste disposal sites including those whose processes include either recycling, 
landfilling or incineration. The simulation test half-lives, together with field data on HBCD in sediments showing 
persistency over time, persistency in biota and levels and trends in the Arctic, document that HBCD is sufficiently 
persistent to be of global concern. α-HBCD seems to be subject to slower environmental degradation than β- and γ-
HBCD. 

4. HBCD has a strong potential to bioaccumulate and biomagnify. Available studies demonstrate that HBCD is 
well absorbed from the rodent gastro-intestinal tract. Of the three diastereoisomers constituting HBCD, the α-form is 
much more bioaccumulative than the other forms. HBCD is persistent in air and is subject to long-range transport. 
HBCD is found to be widespread also in remote regions such as in the Arctic, where concentrations in the atmosphere 
are elevated. 

5. HBCD is very toxic to aquatic organisms. In mammals, studies have shown reproductive, developmental and 
behavioral effects with some of the effects being trans-generational and detectable even in unexposed off-spring. 
Besides these effects, data from laboratory studies with Japanese quail and American kestrels indicate that HBCD at 
environmentally relevant doses could cause eggshell thinning, reduced egg production, reduced egg quality and reduced 
fitness of hatchlings. Recent advances in the knowledge of HBCD induced toxicity includes a better understanding of 
the potential of HBCD to interfere with the hypothalamic-pituitary-thyroid (HPT) axis, its potential ability to disrupt 
normal development, to affect the central nervous system, and to induce reproductive and developmental effects.  

6. In humans HBCD is found in blood, plasma and adipose tissue. The main sources of exposure presently known 
are contaminated food and dust. For breast feeding children, mothers’ milk is the main exposure route but HBCD 
exposure also occurs at early developmental stages as it is transferred across the placenta to the foetus. Human breast 
milk data from the 1970s to 2000 show that HBCD levels have increased since HBCD was commercially introduced as 
a brominated flame retardant in the 1980s. Though information on the human toxicity of HBCD is to a great extent 
lacking, and tissue concentrations found in humans are seemingly low, embryos and infants are vulnerable groups that 
could be at risk, particularly to the observed neuroendocrine and developmental toxicity of HBCD.  

7. Based on the available evidence, it is concluded that HBCD is likely, as a result of its long-range environmental 
transport, to lead to significant adverse human health and environmental effects, such that global action is warranted. 
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1 Introduction 

8. On June 18th 2008, Norway, as a Party to the Stockholm Convention, submitted a proposal to list the brominated 
flame retardant hexabromocyclododecane (HBCD; some authors prefer HBCDD) as a possible Persistent Organic 
Pollutant (POP) under Annex A of the Convention. A summary of the proposal may be found in document 
UNEP/POPS/POPRC.5/4 and a copy of the proposal itself in document UNEP/POPS/POPRC.5/INF/16. 

1.1 Chemical identity of the proposed substance  
9. Commercially available HBCD is a white solid substance. Producers and importers have provided information 
on this substance under two different names; hexabromocyclododecane (EC Number 247-148-4, CAS number 25637-
99-4) and 1,2,5,6,9,10-hexabromocyclododecane (EC Number 221-695-9, CAS number 3194-55-6). The structural 
formula of HBCD is a cyclic ring structure with Br-atoms attached (see Table 1). The molecular formula of the 
compound is C12H18Br6 and its molecular weight is 641 g/mol. 1,2,5,6,9,10-HBCD has six stereogenic centers and, in 
theory, 16 stereoisomers could be formed (Heeb et al. 2005). However, in commercial HBCD only three of the 
stereoisomers are commonly found. Depending on the manufacturer and the production method used, technical HBCD 
consists of 70-95 % γ-HBCD and 3-30 % of α- and β-HBCD (European Commission 2008; Nordic Council of 
Ministers (NCM) 2008). Each of these stereoisomers has its own specific CAS number i.e. α-HBCD, CAS No: 134237-
50-6; β-HBCD, CAS No: 134237-51-7; γ-HBCD, CAS No: 134237-52-8. Two other stereoisomers, δ-HBCD and ε–
HBCD have also been found by Heeb et al. (2005) in commercial HBCD in concentrations of 0.5 % and 0.3 %, 
respectively. Other information pertaining to the chemical identity of HBCD is listed in Table 2, 3, and 4.  

10. Technical HBCD has a log Kow of 5.625 and is a lipophilic substance. The water solubility of the technical 
mixture is low and ranges from 46.3 µg/l in saltwater to 65.6 µg/l in freshwater at 20 ºC based on the sum of the water 
solubilities of the individual diastereoisomers (Wildlife International 2004a and 2004b). The solubility of the individual 
diastereoisomers also differs, with solubilities ranging from 2.4 µg /l for γ-HBCD to 48 µg /l for α- HBCD in 
freshwater at 20 °C. 

 
Table 1. Information pertaining to the chemical identity of HBCD  
 
Chemical structure  

Structural formula of HBCD1:  

1Structural formula for 1,2,5,6,9,10-
HBCD, i.e., CAS no 3194 55-. Note 
that CAS no 25637-99-4 is also 
used for this substance, although 
not correct from a chemical point of 
view as this number is not 
specifying the positions of the 
bromine atoms. As additional 
information, the structures and 
CAS numbers for the diastereomers 
making up 1,2,5,6,9,10-HBCD are 
given below, although these 
diastereomers always occur as 
mixtures in the technical product. 
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Table 2. Chemical identity 
 
Chemical identity  

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

EC Number: 247-148-4; 221-695-9 

CAS Number: 25637-99-4; 3194-55-6 

IUPAC Name:  Hexabromocyclododecane 

Molecular Formula: C12H18Br6 

Molecular Weight:  641.7 

Trade names/ other 
synonyms: 

 

Cyclododecane, hexabromo; HBCD; Bromkal 73-6CD; Nikkafainon CG 1; Pyroguard F 800; 
Pyroguard SR 103; Pyroguard SR 103A; Pyrovatex 3887; Great Lakes CD-75P™; Great 
Lakes CD-75; Great Lakes CD75XF; Great Lakes CD75PC (compacted); Dead Sea Bromine 
Group Ground FR 1206 I-LM; Dead Sea Bromine Group Standard FR 1206 I-LM; Dead Sea 
Bromine Group Compacted FR 1206 I-CM. 

Stereoisomers and 
purity of commercial 
products:  

 

Depending on the producer, technical grade HBCD consists of approximately 70-95% γ-
HBCD and 3-30 % of α- and β-HBCD due to its production method (European Commission, 
2008). Each of these has specific CAS numbers. Two other stereoisomers, δ-HBCD and ε–
HBCD have also been found by Heeb et al. (2005) in commercial HBCD in concentrations of 
0.5 % and 0.3 %, respectively. These impurities are regarded as achiral at present. According 
to the same authors, 1,2,5,6,9,10-HBCD has six stereogenic centers and therefore, in theory, 
16 stereoisomers could be formed.  

 
 
Table 3. Summary of physical chemical properties (adopted from European Commission 2008) 
 
Property  Value  Reference 
Chemical formula C12H18Br6  
Molecular weight 641.7  
Physical state  White odourless solid   
Melting point Ranges from approximately: 

172-184 °C to 201-205 °C 
190 °C, as an average value, was used as input data 
in the EU risk assessment model EUSES. 
179-181 °C    α-HBCD 
170-172 °C     β-HBCD 
207-209 °C     γ-HBCD 

Smith et al. (2005) 
 
 
 
 
 
 

Boiling point  Decomposes at >190 °C (see also text below) Peled et al. (1995) 
Density 2.38 g/cm3  

2.24 g/cm3 
Albemarle Corporation (1994) 
Great Lakes Chemical 
Corporation (1994) 

Vapour pressure  6.3·10-5 Pa (21 °C)  Stenzel and Nixon (1997) 
Water solubility (20 OC) see Table 4  
Partition coefficient  n-
octanol/water 

Log Kow =  5.62  (technical product) 
 5.07 ± 0.09 α-HBCD 
 5.12 ± 0.09, β-HBCD 
 5.47 ± 0.10 γ-HBCD  

MacGregor and Nixon (1997) 
Hayward et al. (2006) 

Henry’s Law constant 0.75 Pa×m3/mol  
Calculated from the vapour pressure and the water 
solubility (66µg/l) 

 

Flash point Not applicable  
Auto flammability  Decomposes at >190 °C  

Flammability Not applicable-flame retardant  
Explosive properties  Not applicable  
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Oxidizing properties  Not applicable  
Conversion factor 1 ppm = 26.6 mg/m3 

1 mg/m3 = 0.037 ppm 
 

 
Table 4. Summary of the results of valid water solubility studies using generator column method, as evaluated 
by European Commission (2008) and listed in NCM 2008. 
Test substance Water Water solubility 

(µg/l)* 
Reference 

α -HBCD  48.8±1.9   

β -HBCD 14.7±0.5  

γ -HBCD 2.1±0.2  

MacGregor and Nixon (2004) 

HBCD technical product, sum of above 

Water 

65.6   

α -HBCD 34.3  

β -HBCD 10.2  

γ -HBCD 1.76  

HBCD technical product, sum of above 

Salt-water 

medium 

46.3  

Desjardins et al. (2004) 

γ -HBCD Water 3.4±2.3**  Stenzel and Markley (1997) 

*20 °C, **25 °C 
 
 
1.2 Conclusion of the Review Committee regarding Annex D information  
11. The POP Review Committee evaluated Annex D information for HBCD at its fifth meeting in October 2009 
(UNEP/POPS/POPRC.5/10) and concluded that the screening criteria have been fulfilled (Decision POPRC-5/6). 

1.3 Data sources  
12. This risk profile was developed using Annex E information submitted by countries and observers, national 
reports from environment protection agencies in different countries, the brominated flame retardants industry, the Co-
operative Programme for Monitoring and Evaluation of the Long-Range Transmission of Air Pollutants in Europe 
(EMEP) and the Arctic Monitoring and Assessment Programme (AMAP). Recent relevant information from the open 
scientific literature is also included. The available literature is comprehensive. References that are cited in this risk 
profile are listed under the heading “References”, while additional references that were also considered but not cited, 
are listed under the heading “Additional references”. 

13. Twenty-one countries have submitted information (Australia, Bulgaria, Burundi, Canada, China, Costa Rica, 
Croatia, Czech, Finland, Germany, Japan, Lithuania, Mexico, Norway, Poland, Romania, Serbia, Sweden, Switzerland, 
Ukraine and USA). Two observers submitted information - European HBCD Industry Working Group and the 
International POPs Elimination Network (IPEN). All submissions are available on the Convention web site. 

14. Several international environmental assessments of HBCD have been conducted. Three of these have assessed 
experimental data and field data against the POP criteria in the Stockholm Convention. These were performed by the 
NCM, the Task Force on POPs under the Convention on Long-Range Transboundary Air Pollution (LRTAP) 
(ECE/EB.AIR/WG.5/2009/7) and the European Brominated Flame Retardant Industry Panel (EBFRIP). EBFRIP 
commissioned a body/tissue based assessment and a total daily intake based assessment, where estimated effect levels 
and no-effect levels calculated for body/tissue-residue and TDI (total daily intake) are compared with estimates of 
exposure in the environment (EBFRIP 2009b). EMEP under LRTAP has made a model assessment of the potential for 
long-range transboundary atmospheric transport and persistence of HBCD. The European Commission risk assessment 
(European Commission 2008) is the most extensive of the existing assessments, examining the data on environmental 
fate, effects and exposure levels in depth. In Canada, Australia and Japan national assessments of HBCD are under 
preparation. Norway has completed their national assessment and has included HBCD in its national action plan for 
brominated flame retardants. USA has made an initial screening assessment and an interim evaluation of the risk of 
HBCD (U.S. Environmental Protection Agency, US EPA 2008). 
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15. The Arctic Monitoring and Assessment Programme (AMAP) identifies Arctic pollution risks, their impact on 
Arctic ecosystems and assesses the effectiveness of international agreements on pollution control. Scientific findings 
obtained under the AMAP (AMAP 2009) have shown HBCD to be one of the pollutants of the Arctic.  

16. In the EU, HBCD has been identified as a Substance of Very High Concern (SVHC), meeting the criteria of a 
PBT (persistent, bioaccumulative and toxic) substance pursuant to Article 57(d) in the REACH regulation (ECHA 
2008b). In May 2009, HBCD was included in the European Chemicals Agency (ECHA) recommendation list of 
priority substances to be subject to Authorisation under REACH, based on its hazardous properties, the volumes used 
and the likelihood of exposure to humans or the environment. A proposal on classification and labeling of HBCD as a 
possible reprotoxic substance is currently under discussion within the EU (Proposal for Harmonised Classification and 
Labelling, Based on the CLP Regulation (EC) No 1272/2008, Annex VI, Part 2 Substance Name: 
Hexabromocyclododecane Version 2, Sep. 2009) (KEMI 2009). In Ukraine the substance is registered on the hazardous 
chemical list based on health effects.  

17. An OECD SIDS Initial Assessment Profile has been compiled (OECD 2007). The OECD SIAM 24 agreed that 
HBCD possesses properties indicating a hazard for human health with regard to repeated dose toxicity and possible 
developmental neurotoxicity and for the environment with regard to acute aquatic toxicity to algae, chronic toxicity to 
Daphnia, and a high bioaccumulation potential. 

1.4 Status of the chemical under international conventions  
18. HBCD is included as part of the brominated flame retardants group in the List of Substances for Priority Action 
of The Convention for the Protection of the Marine Environment of the North-East Atlantic (the OSPAR Convention). 
The OSPAR Convention is made up of representatives of the Governments of 15 Contracting Parties and the European 
Commission. 

19. In December 2009, HBCD was considered by the Executive Body of the UNECE Convention on Long-Range 
Transboundary Air Pollution (LRTAP) based on a technical review (ECE/EB.AIR/WG.5/2009/7) to meet the criteria 
for POPs as defined under the POPs protocol. In 2010 the possible management options for HBCD are being assessed 
to give a basis for later negotiations.  

2 Summary information relevant to the risk profile  

2.1 Sources 

2.1.1 Production, trade, stockpiles  
20. The production of HBCD is a batch-process. Elemental bromine is added to cyclododecatriene at 20 to 70°C in 
the presence of a solvent in a closed system. Although technical HBCD primarily contains γ –HBCD, thermal 
isomerization of HBCD can occur and may result in the enrichment of α– HBCD and to a lesser extent β-HBCD both 
during the polymer extrusion process, and during incorporation of HBCD in textiles (Peled et al. 1995, Larsen and 
Ecker 1986, Heeb et al. 2008, Kajiwara et al. 2009). HBCD powder or pellets, HBCD masterbatches, HBCD containing 
EPS beads and high impact polystyrene (HIPS) pellets are often exported and imported downstream in the production 
chain for the manufacturing of end-products for further professional use or sales to consumers. 

21. According to the Bromine Science and Environment Forum (BSEF 2010) HBCD is produced in the United 
States of America, Europe, and Asia. There is information available about suppliers and producers in China, but 
information on amounts of HBCD imported or produced in China is not available. According to the global demand 
reported by the industry in 2001, more than half of the market volume (9,500 of 16,500 tonnes) was used in Europe. 
Total global demand for HBCD increased over 28% by 2002 to 21,447 tonnes, and rose again slightly in 2003 to 21,951 
tonnes (BSEF 2006). In the US EPA assessment the sum of manufactured and imported HBCD is reported to lie 
between 4,540 tons to 22,900 tons in 2005 (US EPA 2008). The authorities in Japan have reported the sum of 
manufactured and imported HBCD to be 2,744 tonnes in 2008. The consumption in Japan reached 700 tonnes/year in 
the beginning of the 1990s (Managaki et al. 2009), and has increased approximately four times since then. The total 
volume of HBCD used in the EU was estimated to be about 11,580 tonnes in 2006. The demand of HBCD within the 
EU is bigger than the production and a net import to the EU was expected to have been around 6,000 tonnes in 2006. 
(ECHA 2008a). Several national authorities report an import of HBCD as a pure compound or in products; Canada 
(100-1,000 tonnes), Australia (<100 tonnes), Poland (500 tonnes imported from China annually), Romania (185 tonnes) 
and Ukraine. 

2.1.2 Uses 
22. HBCD is used as a flame retardant additive, providing fire protection during the service life of vehicles, 
buildings or articles, as well as protection while stored (BSEF 2010). The main uses of HBCD globally are in expanded 
and extruded polystyrene foam insulation while the use in textile applications and electric and electronic appliances is 
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smaller (ECHA 2008a, US EPA report, OECD 2007, INE-SEMARNAT 2004, Lowell Center For Sustainable 
Production (LCSP 2006), BSEF 2010). HBCD has been on the world market since the 1960s. The use of HBCD in 
insulation boards started in the 1980s. To manufacture flame retarded end products, a masterbatch, a concentrated 
mixture of HBCD encapsulated into a carrier resin such as polystyrene, is used (European Commission 2008). 

23. According to the industry, the main application of HBCD is in polystyrene foam that is used in insulation 
boards, which are widely used in the building and construction industry. These polystyrene foams exist in two forms, as 
expanded polystyrene (EPS) and extruded polystyrene (XPS) foams, with HBCD concentrations ranging from 0.7% to 
3.0% The manufacture of EPS, XPS and HIPS involves polymerisation and extrusion processes where HBCD is added 
in the process as one of the additives used (ECHA 2008a).  

24. The second most important application is in polymer dispersion on cotton or cotton mixed with synthetic blends, 
in the back-coating of textiles where HBCD can be present in concentrations ranging from 2.2 – 4.3% (Kajiwara et al. 
2009). Back-coating to textiles is applied by adding a dispersion containing a polymer and HBCD among other 
additives as a thin coating film (ECHA 2008a). A further smaller application of HBCD is in high impact polystyrene 
(HIPS) which is used in electrical and electronic equipment and appliances at levels ranging from 1 – 7% (ECHA 
2008a). HBCD may also be added to latex binders, adhesives and paints (Albemarle Corporation 2000, Great Lakes 
Chemical Corporation 2005). The use of HBCD in EPS in packaging material is believed to be very small and HBCD is 
not used in food packaging according to the technical report developed in the EU (ECHA 2008a). The US EPA (2008) 
has reported uses in crystal and high-impact polystyrene, styrene-acrylonitrile resins, adhesives and in coatings. Costa 
Rica has reported use of HBCD in the construction sector. In Mexico HBCD has been used in EPS foams and in back-
coating of textiles since the 1980s (INE-SEMARNAT 2004). In the EU the main use is in XPS and EPS, and the use in 
HIPS and in textiles are each at ca 2% (ECHA 2008a). In Japan 80% of the consumption of HBCD is in insulation 
boards (including tatami mat) and 20% in textiles (Managaki et al. 2009). In Switzerland construction materials are the 
most important component of HBCD consumption (84%) (Morf et al. 2008).  

25. HBCD is used in a wide range of end products (ECHA 2008a, US EPA 2008, OECD 2007, INE-SEMARNAT 
2004, LCSP 2006). Insulation boards with EPS foam or XPS foam with HBCD may be found in transport vehicles, in 
buildings and in road and railway embankments. HBCD-containing HIPS is used in electric and electronic appliances, 
such as in audio visual equipment cabinets, in refrigerator lining as well as in distribution boxes for electrical lines and 
certain wire and cable applications. Another use of HBCD is in textile coating agents, mainly in upholstery fabrics, but 
also in bed mattress ticking, upholstery in residential and commercial furniture, vehicle seating upholstery, draperies 
and wall coverings, interior textiles (roller blinds) and automobile interior textiles. According to the submission of 
Germany, HBCD is used in EPS filling in nursing pillows and bean bags used as easy chairs. Granulated EPS waste is 
also used to improve the texture of agricultural and horticultural soil. 

2.1.3 Releases to the environment 
26. There are no natural sources of HBCD. HBCD is released into the environment during the manufacturing 
process, in the manufacture of products, during their use and after they have been discarded as waste. The production 
process of HBCD and industrial use processes are described in the EU technical report (ECHA 2008a). In the EU, 
Japan, and Switzerland, releases from different sources and life stages of HBCD have been estimated based on 
measurements of releases and modelling (ECHA 2008a, Managaki et al. 2009, Morf et al. 2008). The two national 
studies are substance flow analyses based on studying the flow of HBCD through different lifecycle stages over periods 
of several years. Some of the differences between studies are caused by the method used, different use scenarios, 
differences in ways that releases are accounted for and in the estimation factors used. The use category ‘insulation 
boards’ in the substance flow analysis in Japan, for example, also covers the use in the traditional tatami mat, that could 
have a higher release potential than insulation boards.  

27. There are direct emissions to air, direct discharges to waste water and to surface water from industrial point 
sources. The total releases to the environment are increasing in Japan and Switzerland. Also in the EU total releases are 
increasing in spite of the decrease in the releases from textile back-coating since 2004. In the EU the releases to water 
were the largest (air; 665 kg/year, waste water; 1,553 kg/year, surface water; 925 kg/year) (ECHA 2008a), while in 
Switzerland (Morf et al. 2008) and Japan the releases to air were largest (air; 571 kg/year, water; 41 kg/year) (Managaki 
et al. 2009).  

28. Losses to soil were considered minor in Japan, Switzerland, and the EU since waste with HBCD was disposed of 
in controlled landfills or incinerated. However, an industry survey (EBFRIP 2009a) revealed that potential losses to 
land may be higher than previously understood, due to disposal practices for HBCD packaging waste and that this loss 
due to packaging waste can be rapidly reduced by the introduction of appropriate handling and disposal practices. The 
survey included a selection of HBCD producers, warehouses and first line direct users of HBCD in Europe including 
only the first stages in the HBCD life cycle. Packaging waste was found to be the main contributor to potential releases 
to soil due to uncontrolled landfill or compost, recycling of empty paper packaging, substances going to unknown 
destinations and the unprotected storage of packaging. Annual losses to soil were estimated at 1,857 kg HBCD /year. 
Implementing best practices in handling reduced the total potential releases from 2,017 kg/year in 2008 to 309 kg/year 
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in 2009 in the survey. Industry producing and using HBCD has in 2006 introduced a voluntary programme to reduce 
direct emissions from industrial sources in the EU (EBFRIP 2009a). 

29. According to the Swiss substance-flow analysis, construction materials are responsible for the majority of the 
releases and half of the total releases were estimated to come from diffuse atmospheric emissions from installed EPS 
and XPS insulation boards (Morf et al. 2008). In the EU technical report, however the releases of HBCD during the 
service life of insulation foams were assumed to be low (ECHA 2008a), but the releases from manufacture and use of 
insulation boards (1,628 kg/year) were still estimated to represent more than half of the total releases (3,142 kg/year) in 
2006. According to the EU technical report, the estimated total releases of HBCD from manufacture and use of 
insulation boards (95% consumption) and manufacture and use of textiles (2% consumption) were in the same 
magnitude. Total releases from manufacture and use of electronic devices was considered minor (12.6 kg/year) (ECHA 
2008a and table. 3 in ECHA 2008b). In Japan the releases from use in textiles represents the largest releases and 
atmospheric emissions of HBCD from textile coating in the industry accounts for more than half of the total releases 
from 1985 to 2001 (Managaki et al. 2009).  

30. In the substance flow analysis made in Japan (Managaki et al. 2009) and the estimation of releases done in EU 
the releases from industrial point sources were the largest (ECHA 2008a; industrial point sources; 2,559 kg/year, 
releases during service life of products; 98.9 kg/year).  

31. HBCD is used solely as an additive in physical admixture with the host polymer and can migrate within the solid 
matrix and volatilize from the surface of articles during their service life (Swerea 2010, ECHA 2008a, European 
Commission 2008). There will also be particulate releases and leaching of HBCD during the service life of flame 
retarded end-products. There are experiments revealing emissions of HBCD from various products (European 
Commission 2008, Miyake et al. 2009, Polymer Research Centre 2006 and Kajiwara et al. 2009). There are also several 
studies showing the occurrence of HBCD in indoor air and house dust (Abdallah et al. 2008a and b, Abdallah 2009, 
Goosey et al. 2008, Stapleton et al. 2008, Stuart et al. 2008, Takigami et al 2009 a and b). However HBCD emissions to 
indoor air from disturbance of products made from EPS or XPS during service life is estimated to be very low (ECHA 
2008a). Industry data on an installed PS foam board containing HBCD showed a stable HBCD level after 25 years of 
use (EBFRIP 2009c). Although technical HBCD primarily contains γ –HBCD, in light-exposed dust, a photolytically-
mediated shift from γ-HBCD to α-HBCD may occur (Harrad et al. 2009).  

32. Estimates of releases from insulation boards during their service life have been based on the results of 
experiments measuring the loss of HBCD from a sample of foamed polystyrene, assuming a service life of 30 years 
(ECHA 2008a). Release estimates have been developed for the service life of textiles using the results of wearing and 
leaching tests on aged samples of treated textiles (ECHA 2008a-and references therein). There are no estimates on 
releases of HBCD from HIPS in articles. The total estimations for releases of HBCD from diffuse sources are probably 
underestimated in all analyses, since information is lacking on releases from some products, as well as the HBCD 
content in imported articles. 

33. At the end of their service life, products containing HBCD are likely to be disposed of in landfills, incinerated, 
recycled, or remain as waste in the environment. Insulation boards form the majority of HBCD containing waste. It is 
understood that most of this material goes to landfill or incineration. The use of HBCD in insulation boards and the 
HBCD built into buildings and constructions is increasing. There will be some releases of HBCD in dust when 
buildings insulated with flame retarded insulation boards are demolished. Releases from insulation boards becoming 
waste were estimated at 8,512 kg HBCD per year in 2006 (ECHA 2008a). It is likely that those releases will be more 
significant in the future; particularly from about 2025 onwards, as increasing number of buildings containing HBCD 
will be refurbished or demolished. This turn-over will be different in different regions of the world, and range from 10-
50 years.  

34. Electrical and electronic appliances containing HIPS treated with HBCD are sometimes recycled. In the 
substance flow analysis in Switzerland (Morf et al. 2008) emissions from the recycling of vehicles, insulation panels 
and electrical and electronic equipment were estimated to account for about 2% of the total releases of HBCD and the 
emissions from incineration were estimated to account for 0.1%. In developing countries, electrical and electronic 
appliances containing HBCD and other toxic substances are often recycled under conditions which results in a 
relatively higher release of HBCD to the environment and contamination of the sites (Zhang et al. 2009), and exposure 
of workers (Tue et al. 2010). Open burning and dump sites are common destinations for HBCD-containing articles and 
electronic wastes (Malarvannan et al. 2009, Polder et al 2008c).  

35. The substance flow analysis in Japan also indicates that emissions from construction materials will continue for 
several decades and be potentially long-term sources of HBCD leaching or volatizing to the environment, as well as 
representing larger releases when demolished or renovated in the future (Managaki et al. 2009). Additionally, the 
increasing HBCD stock seen in the study indicates possible problems arising in the recycling of construction materials 
in the future, when buildings of the present period are renovated or destroyed. This is also supported by the results from 
the substance flow analysis in Switzerland. The Swiss study also high-lights the stock in waste management and 
landfills as long-term sources of HBCD releases (Morf et al. 2008). The significance of those sources depends however 
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on the waste management strategies chosen in the country, if the wastes are incinerated, or disposed of to an 
uncontrolled or controlled landfill. The overall figures of municipal waste within the EU from 2006 are that 68% goes 
to landfill and 32% is incinerated (ECHA 2008a). 

36. From both industrial point sources and diffuse sources there are releases to waste water and sewage systems 
(ECHA 2008a; Morf et al. 2008; Institut Fresenius 2000a and b; Kupper et al. 2008; Remberger et al. 2004; Sellström et 
al. 1999; Law et al. 2006b). The sewage sludge is either applied on agricultural land, incinerated or land filled (ECHA 
2008a; Morf et al. 2008). There are releases of HBCD to surface water and soil, leaching from landfills (Morf et al. 
2008; Morris et al. 2004) and sewage sludge (Morf et al. 2008; Morris et al. 2004).  

2.2 Environmental fate 

2.2.1 Persistence 
37. To evaluate the persistency of HBCD a compilation of data on experimentally measured half-lives in different 
environmental compartments, data on half-lives derived from modeling, and field data have been undertaken. Results of 
the estimation model, BIOWIN (v4.10, EPI Suite v4.0), which estimates the probability for aerobic biodegradation in 
the presence of mixed populations of environmental microorganisms suggest that HBCD is not readily biodegradable; 
the expected time of primary degradation is in the order of weeks. Moreover, an early biodegradation study using 
Closed Bottle Test systems that were conducted in accordance with OECD Guideline 301D, found no biodegradation of 
HBCD over a 28 day study period (Wildlife International 1996). It should be noted that while the studies were 
performed using accepted test guidelines, the concentrations tested were about three orders of magnitude greater than 
the water solubility of HBCD (7.7 mg/L vs 66 μg/L). 

38. Japanese authorities conducted a 28-day biodegradation study of 1,2,5,6,9,10-hexabromocyclododecane based 
on the OECD Test Guideline 301C. The degradation of the test substance, a mixture containing different stereoisomers, 
was assessed by high performance liquid chromatography. The percentage biodegradation of two HBCD isomeric 
forms (A and B), were calculated to be 5 and 6%, respectively. (Chemicals Inspection and Testing Institute, 1990). 

39. The rate of degradation of HBCD is slower in the presence of oxygen. Davis et al. (2005) reported on the 
biodegradation of technical HBCD (t-HBCD) in freshwater sediments and soils. Using OECD test guidelines 307 and 
308, the authors demonstrated that the rate of loss of HBCD at 20oC was appreciably faster under anoxic conditions in 
both media. Relative to biologically sterile controls, biotransformation of HBCD was faster in the presence of 
microorganisms and DT50 values ranged from 11 to 32 days (aerobic) and 1.1 to 1.5 days (anaerobic) in sediment. In 
soil, half-lives under aerobic and anaerobic conditions were 63 and 6.9 days, respectively. However, in this study only 
the degradation of γ-HBCD was studied since the test concentration was too low to allow detection of α- and β-HBCD. 
It was also not possible to detect transformation products. 

40. In the EU Risk Assessment, the degradation half-lives in aerobic sediment were calculated at 20 °C to be 113, 
68 and 104 days for α-, β- and γ-HBCD, respectively (European Commission, 2008). In sediment, technical-HBCD was 
observed to be subject to primary degradation with half-lives of 66 and 101 days in anaerobic and aerobic sediment at 
20 °C, respectively. The EU Risk Assessment notes that the study was conducted at HBCD concentrations much 
greater (mg/kg) than Davis et al. (2005) (μg/kg), so the degradation kinetics may be limited by the mass transfer of 
chemical into the microbes. The main transformation product was 1,5,9-cyclododecatriene (CDT) which was formed 
via a step-wise reductive dehalogenation of HBCD. No CO2 was detected during the study. However, in a study 
performed according to OECD guideline 301F (Davis et al. 2006b), it was shown that t,t,t-CDT can be degraded to 
CO2. 

41. Degradation rate constants of HBCD, under anaerobic conditions in sewage sludge have also been reported 
(Gerecke et al. 2006). Experiments were conducted by adding individual target compounds or mixtures to freshly 
collected digested sewage sludge. The sewage sludge was amended with yeast and starch. Experiments, performed at 
37 °C, with racemic mixtures of individual diastereoisomers showed that (+/-)-β-HBCD and (+/-)-γ-HBCD degraded 
faster than (+/-)-α-HBCD by an estimated factor of 1.6 and 1.8, respectively. Based on the investigations of Davis et al. 
(2006a) and Gerecke et al. (2006), α-HBCD seems to be subject to a slower degradation than β- and γ-HBCD. 

42. There are no reliable empirical data on the degradation kinetics of HBCD in water. The hydrolysis of HBCD has 
not been studied. Hydrolysis should however, not be considered as a significant route of environmental degradation for 
this substance due to the low water solubility, the high partitioning to organic carbon, and the lack of hydrolysable 
functional groups (OECD 2007). According to calculations in the EMEP report on HBCD, the physical-chemical 
properties of the technical mixture and γ-HBCD stereoisomer give a half-life in water of about 5 years (EMEP 2009). 
According to EBFRIP (2009b) the half life for water and soil derived from comparing different model estimations lies 
in the range 8.5 – 850 days, with a median of 85 days and confidence factor (CF) of 10. The half life in freshwater and 
marine sediments lies in the range 6 – 210 days, with a median of 35 days and CF of 6. EBFRIP (2009b) does not 
differentiate between fresh water and marine sediment.  
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43. Several studies using sediment cores show that HBCD congeners deposited in marine sediments in Asia and in 
Europe at the beginning of the 1970s/1980s are still present in significant amounts (Minh et al. 2007, Tanabe 2008, 
Kohler et al. 2008, Bogdal et al. 2008), indicating a higher persistency in sediments than derived from experimental 
studies. 

44. The trophic transfer of chemicals in terrestrial or aquatic food webs can also be used to assess persistence. 
Chemicals that are slow to break down by biologically mediated processes will increase in concentration with 
increasing trophic level, i.e. biomagnify. The measured field data from various surveys show that HBCD biomagnifies 
in some aquatic food chains. The α-HBCD appears to be the more persistent of the HBCD isomers, and to biomagnify 
more than β-HBCD and γ-HBCD. The findings in the Arctic provide additional evidence that HBCD can persist in the 
environment long enough to be transported over long distances (EBFRIP 2009b, NCM 2008).  

2.2.2 Bioaccumulation  
45. Several studies in laboratory, in local food webs and local ecosystems confirm the potential for HBCD to 
bioaccumulate and biomagnify. The field studies show a general increase of concentrations in biota with increasing 
trophic level in aquatic and Arctic food webs. No field studies in the terrestrial environment have been identified, but 
two laboratory studies show that HBCD has a potential to bioaccumulate in terrestrial mammals. Veith et al. (1979) 
estimated a steady-state bioconcentration factor (BCF) of 18,100 for technical HBCD in fathead minnow (Pimephales 
promeas) in a 32-day flow-through test. Thirty fish were exposed in the test system and five fish were sampled and 
analysed on days 2, 4, 8, 16, 24 and 32. The mean test concentration of t-HBCD was 6.2 µg/L which was below its 
aqueous water solubility and the test temperature was 25 ± 0.5 °C.  

46. Accumulation of HBCD was also observed in rainbow trout (Oncorhynchus mykiss) exposed to nominal 
concentrations of 0.34 and 3.4 µg/L in a flow-through system for 35-days (Wildlife International 2000). The study 
adhered to the OECD 305 test method and included a 35-day depuration period following exposure. Trout exposed to 
the higher test concentration did not reach steady-state tissue concentrations over the duration of testing and calculated 
BCFs were considered less reliable than those determined at the lower test concentration. A steady-state BCF value of 
13,085 was calculated for the whole fish exposed to technical HBCD at the lower concentration. Based on the studies 
by Wildlife International 2000 and Veith et al. (1979), an overall bioconcentration factor (BCF) for aquatic organisms 
of 18,100 was chosen in the EU risk assessment (European Commission 2008). 

47. A study of 1,2,5,6,9,10-HBCD in carp was conducted by Japanese authorities, based on the OECD Test 
Guideline 305C for 14 weeks. As the supplied test substance was a mixture, it was separated by high performance 
liquid chromatography (HPLC) into 5 components which are referred to as components A-E according to the order of 
the peak appearance. The three main components B, C and E whose isomer identifications were not established but 
whose molecular formulae were the same as that of the test substance were analysed in this study. For component B, 
BCFs were 834-3,070 and 3,390-16,100 at 24 and 2.4 μg/L, respectively. For component C, BCFs were 816-1,780 and 
3,350-8,950 at 20.2 and 2.02 μg/L, respectively. For component E, BCFs were 118-418 and 479-2,030 at 144 and 14.4 
μg/L, respectively (Chemicals Inspection and Testing Institute 1995). 

48. Law et al. (2005) measured the biomagnification factors (BMF) of individual isomers under a controlled 
laboratory environment. By exposing juvenile rainbow trout to food intentionally fortified with each isomer the authors 
were able to calculate BMFs of 9.2, 4.3 and 7.2 for α-, β- and γ-isomers, respectively. The authors also noted that 
bioisomerization i.e., conversion of one isomer into another, can occur in vivo with this fish species.  

49. Haukås et al. (2009) reported on the dietary exposure of juvenile rainbow trout to HBCD. The authors noted that 
bioaccumulation of HBCD was significant 6 hours after the single oral exposure and concentrations peaked after 4-8 
days. After 48 h, the rank order of the relative distribution of the isomers in the fish were liver > muscle >> brain. The 
greater distribution to the liver was thought to be due to the greater blood supply to this organ from the stomach and 
intestine. After 21 days, the relative concentrations of the isomers decreased in the liver and brain, whereas no 
significant change in HBCD concentration was observed in muscle. It was hypothesized that the delay in elimination of 
the isomers from the muscle was due to the lower metabolic activity and circulation of blood to the muscle. 

50. Two studies in the laboratory have examined the bioaccumulation of HBCD in mammals (WIL 2001; Velsicol 
Chemicals 1980). In a 90-day repeated dose (technical-HBCD, 1,000 mg/kg bw/day) toxicity study with rats, WIL 
(2001) found that concentrations of the α-isomer were much greater than that of the β- and γ-isomers at all sampling 
time points. The relative percentage of the isomers measured in the rats (α-: 65-70%; β-: 9-15% and γ-: 14-20%) was 
markedly different to the proportions in the HBCD formulation used (α-: 8.9%; β-: 6.6% and γ-: 84.5%). Velsicol 
Chemicals (1980) studied the pharmacokinetics of radiolabelled HBCD (14C-HBCD, purity > 98%) administered to rats 
as a single oral dose. The authors found that the test substance was distributed throughout the body with the greatest 
amounts measured in fat tissue, followed by liver, kidney, lung and gonads. Rapid metabolism to polar compounds 
occurred in the blood, muscle, liver and kidneys, but HBCD remained mostly unchanged in the fatty tissue. The study 
concluded that HBCD accumulated in fatty tissues following repeated exposure. 
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51. There are numerous reports showing BMFs > 1 for HBCD in aquatic ecosystems. For example, in the Lake 
Ontario food web, lipid normalized BMFs for both the α- and γ-isomer were greater than one for many of the feeding 
relationships (Tomy et al. 2004a). In some instances, BMFs for the HBCD isomers were greater than those of other 
known persistent organic pollutants, for example, a BMF of 10.8 for the α-isomer was reported for the smelt:Mysis 
feeding relationship and was ca. two times greater than that of p,p-DDE and ΣPCBs. The trophic magnification factor 
(TMF), defined as the slope of the regression of log concentration vs trophic level, was 6.3 (p<0.001) and greater than 
that of ΣPCBs (5.7) (Tomy et al. 2004). In Lake Winnipeg, a freshwater lake in central Canada, BMFs of greater than 
one were also reported for all three HBCD isomers for many of the established predator to prey feeding relationships 
(Law et al. 2007). The calculated TMF-values were 1.4, 1.3 and 2.2 for α-, β-, and γ-HBCD respectively. 

52. Similar findings have been made in the Norwegian Arctic. Sørmo et al. (2006) analyzed representative species 
from different trophic levels of the polar bear food chain, using samples collected from 2002 to 2003 at Svalbard in the 
Norwegian Arctic. HBCD was below detection limits (minimum 0.012 ng/g lw) in the amphipod, Gammarus wilkitzkii. 
HBCD biomagnified strongly from polar cod (Boreogadus saida) to ringed seal (BMF of 36.4, based on whole body 
wet weight concentrations), but did not biomagnify from ringed seal to polar bear (BMF of 0.6). Lower levels in the 
polar bear samples were considered to indicate possible enhanced metabolic capability in the bears. In East Greenland 
the comparative bioaccumulation, biotransformation and/or biomagnification from East Greenland ringed seal (Pusa 
hispida) blubber to polar bear (Ursus maritimus) tissues (adipose, liver and brain) of HBCD and legacy POPs was 
investigated by Letcher et al. (2009). α-HBCD was found to only bioaccumulate in the polar bear adipose tissue. The 
ringed seal blubber to polar bear adipose BMF for total-(α)-HBCD >1. The authors concluded that even if the 
metabolism of HBCD in polar bears was enhanced compared to other species, the high exposure of HBCD ensures 
biomagnification. 

53. Morris et al. (2004) reported on biomagnification of HBCD in the North Sea food web. Although individual 
BMFs were not reported, the authors suggested that because concentrations of HBCD were higher in species in the top 
of the food chain it implied that HBCD was biomagnifying. For example, HBCD concentrations in top predators such 
as harbour seals (Phoca vitulina) and harbour porpoise (Phocoena phocoena) were several orders of magnitude greater 
than those measured in the aquatic macroinvertebrates such as sea-star and common whelk. Similarly, HBCD 
concentrations were high in liver samples from cormorant, a predator bird-species and in eggs of the common tern, 
while lower levels of HBCD were detected in their prey, cod and yellow eel (Anguilla Anguilla). 

54. Haukås et al. (2009) found the concentration ratio of the diastereoisomers of HBCD to range between 3:1:10 
(α:β:γ) in sediments to 55:1 (α:γ) in the highest trophic level species, suggesting a diastereoisomer-specific 
bioaccumulation in the organisms. The study was conducted in a HBCD-contaminated Norwegian fjord in a marine 
food chain, measuring levels from sediments and sediment-dwelling organisms to sea birds. This corresponds with the 
results of Zhang et al. (2009) in two contaminated streams in China. In this study γ-HBCD was found to be the 
dominant diastereoisomer in the sediments (63% of total HBCDs), while α-HBCD was selectively accumulated in the 
biotic samples and contributed to 77%, 63% and 63% of total HBCDs in winkle (Littorina littorea), crucian carp 
(Carassius carassius) and loach, respectively. 

55. Tomy et al. (2008) investigated isomer-specific accumulation of HBCD at several trophic levels of an eastern 
Canadian Arctic marine food web. There was a significant positive relationship of α-HBCD with trophic level, with a 
TMF of 7.4 (p<0.01), indicative of biomagnification throughout the food web, while a significant negative relationship 
was observed between concentrations of γ-HBCD and trophic level (i.e. trophic dilution). α-HBCD contributed greater 
than 70% of the total HBCD burden in shrimp (Pandalus borealis, Hymenodora glacialis), redfish (Sebastes mentella), 
arctic cod (Boreogadus saida), narwhal (Monodon monoceros) and beluga (Delphinapterus leucas), while γ-HBCD was 
greater than 60% of total HBCD in zooplankton (mix), clams (Mya truncata, Serripes groenlandica), and walrus 
(Odobenus rosmarus). The observed differences in diastereoisomer predominance were attributed in part to differing 
environmental fate and behaviour of the isomers, with the least water soluble γ-isomer more likely to diffuse passively 
from the water column into zooplankton, which have proportionately high lipid content. Similarly, as benthic filter 
feeders, clams may be more likely to absorb a higher proportion of the γ-isomer from sediment. The presence of higher 
proportions of α-HBCD, such as with the beluga and narwhal, may indicate enhanced metabolic capability based on 
evidence of stereoisomer-specific biotransformation of the γ-isomer to the α-form (Zegers et al. 2005, Law et al. 
2006d). This also corresponds with the findings of Tomy et al. (2009) where the α-isomer accounted for >95% of the 
overall burden of HBCDs in the beluga, while the Arctic cod, the primary prey species of beluga in the western 
Canadian arctic marine food web, had a HBCD-profile dominated by the γ-isomer (>77%). The authors concluded that 
this was further evidence that beluga can bioprocess the γ- to the α-isomer. 

2.2.3 Potential for long-range environmental transport 
56. HBCD is persistent in air, with an estimated half-life of more than two days. Studies of and modeling of 
environmental fate and environmental transport of HBCD, as well as field data provide further evidence of the potential 
for long-range transport of HBCD. The detected levels in the Arctic atmosphere, biota and environment are strong 
indicators of HBCD’s potential for long-range transport. 
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57. The atmospheric degradation half-life of HBCD by gas-phase reaction with hydroxyl radicals (OH) has not been 
experimentally measured but can be modeled, providing an estimate (by AopWin v1.91) of 76.8 hours (3.2 days). The 
estimate was obtained by assuming a concentration of 5×105 OH molecules.cm-3 and that the reaction takes place 24 
hours a day (these are values used in the European Union risk assessments). It is noted that the model is sensitive to the 
chosen OH-concentration (NCM 2008). 

58. Bahm and Khalil (2004) derived a 24 hour global annual average OH concentration of 9.2×105 molecules·cm-3, 
with a value of 9.8×105 molecules·cm-3 for the northern hemisphere and 8.5×105 molecules·cm-3 for the southern 
hemisphere. These values are consistent with Prinn et al. (1995) and Montzka et al. (2000) who deduced OH 
concentrations from atmospheric measurements of methyl chloroform, reporting 24 hour global annual average values 
of 9.7(±0.6)×105 and 1.1(±0.2)×106 molecules·cm-3 respectively. Considering the uncertainty in the model estimates of 
kOH, the half-life for photochemical degradation of HBCD ranges from 0.4 to 4 days and 0.6 to 5.4 days for the northern 
and southern hemisphere respectively (EBFRIP 2009b). 

59. BSEF (2003) examined the long-range transport potential (LRTP) of HBCD using four LRTP assessment 
models (TaPL3-2.10, ELPOS, Chemrange-2.0 and Globo-POP), and concluded that HBCD has a low potential to reach 
remote areas. LRTP indicators were expressed as the overall characteristic travel distance (CTD) for TaPL3 and 
ELPOS, the spatial range for Chemrange, and the Arctic contamination potential after 10 years of steady emissions 
(ACP10) for Globo-POP. CTDs of 760 and 784 km in air were predicted using TaPL3 and ELPOS, respectively, while 
Chemrange estimated a spatial range for HBCD in air of 11% of the earth’s circumference. An ACP10 of 2.28% was 
estimated from Globo-POP. The results were comparable with those obtained for brominated diphenyl ether flame 
retardants, in particular the penta- through decaBDE congeners that also are detected in the Arctic (Wania and Dugani 
2003). BSEF (2003) concludes, that based on the properties of HBCD, its long-range transport is likely to be regulated 
by transport of aerosols. Overall, the low volatility of HBCD was predicted to result in significant sorption to 
atmospheric particulates, with the potential for subsequent removal by wet and dry deposition. The transport potential 
of HBCD was considered to be dependent on the long-range transport behaviour of the atmospheric particles to which it 
sorbs.  

60. HBCD’s physico–chemical properties suggest that it may experience active surface–air exchange as a result of 
seasonally and diurnally fluctuating temperatures. Subsequently, this may result in the potential for long-range transport 
of HBCD through a series of deposition/volatilization hops, otherwise known as the ‘‘grasshopper effect”, described by 
Gouin and Harner (2003). This assumption is supported by environmental data. The concentrations of HBCD in bulk 
samples collected in urban and remote sites in Sweden and Finland had a clear seasonal and diurnal flux rate with 
higher concentrations in winter and lower in summer and fall. (Remberger et al. 2004). Precipitation samples collected 
from the Great Lakes Basin contained as much as 35 ng HBCD/L, with the highest levels occurring in the winter 
months (Backus et al. 2005). The researchers hypothesized that observed winter peaks resulted from increased 
scavenging efficiency of snow compared with rain, as well as higher concentrations in the particle phase during winter. 
In the study by Yu et al. (2008) in Southern China a large variable percentage of HBCD (69.1–97.3%) existed in the 
particle phase, suggesting that long-range transport of HBCDs is governed by environmental conditions.  

61. Based on model estimates HBCD seems to have a “low” to “moderately-low” long-range transport potential. 
Using the bench-marking approach, HBCD’s potential for long-range transport is in the range of the legacy POPs 
(EBFRIP 2009b). Detectable levels in remote regions suggest that long-range transport is occurring on a larger scale 
than predicted by the models. The models do not include the full potential of transport by the “grass-hopper effect” and 
some of the environmental conditions typical for the wind systems of the Arctic, for example the Arctic haze events.  

62. According to the AMAP report from 2009, transport of less volatile brominated flame retardants (BFRs) does 
take place when there are large numbers of particles in Arctic air, during the Arctic haze. Therefore, periods of strong 
winds and no precipitation may lead to longer transport distances than the models predict for BFRs (AMAP 2009). 
Brown and Wania (2008) identified HBCD as a potential Arctic contaminant based on an atmospheric oxidation half-
life of greater than two days and structural similarities to known long range transported Arctic contaminants. The 
authors explain the discrepancy between the model results and long-transport behaviour of HBCD with the possibility 
that particle-bound atmospheric transport may be more efficient in delivering contaminants to the Arctic than is 
currently estimated in global transport calculations; one reason may be because the effect of intermittent rain is ignored 
in the models. EMEP modeling reached the same conclusion (EMEP 2009). This is also supported by field studies and 
environmental monitoring. In the Norwegian pollution monitoring programme, HBCD concentrations were found to be 
higher (Birkenes 30.8 pg/m3 and Zeppelin 26.39 pg/m3) in the atmosphere over the Norwegian Arctic when the air 
transport came from polluted areas on the continents and lower (Birkenes 1.03 pg/m3 and Zeppelin 0.26 pg/m3) when 
the air transport came from the North Pole Sea and Scandinavia (Climate and Pollution Agency, Norway (KLIF 2008)). 
The monitoring data also demonstrated that the air from polluted regions can reach the remote areas on a short time 
basis (Manø et al. 2008). In a recent review, HBCD has been found to be ubiquitous in the Arctic and Western Europe 
and the eastern parts of North America were found to be important source regions via long range transport (de Wit et al. 
2009). HBCD was monitored for the first time in the European Arctic atmosphere in 1990 (5-6 pg/m3; Bergander et al. 
1995) and in the Canadian and Russian Arctic in 1993 (1,8 pg/m3; PWGSC-INAC-NCP 2003 and 1-2 pg/m3 (2006 and 
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2007); Xiao et al. 2010), The ∑HBCD air concentrations in the Canadian Arctic was similar to the air concentrations of 
BDE-99 (Xiao et al. 2010). 

2.3 Exposure 

2.3.1 Environmental levels and trends 
63. HBCD is widespread in the global environment, with high levels in the top predators. According to Covaci et al. 
(2006) high concentrations have been measured in marine mammals and birds of prey. Zegers et al. (2005) published 
data on HBCD concentrations in two species of marine top predators, the harbor porpoise and the common dolphin 
(Delphinus delphis), from different European seas. The highest HBCD concentrations were measured in porpoises 
stranded on the Irish and Scottish coasts of the Irish Sea (median concentration 2,900 ng/g lw, maximum 9,600 ng/g lw) 
and the northwest coast of Scotland (5,100 ng/g lw). The median concentrations in porpoises from other areas were 
1,200 ng/g lw on the south coast of Ireland, 1,100 ng/g lw on the coasts of the Netherlands, Belgium, and the North Sea 
coast of France, 770 ng/g lw for the east coast of Scotland, and 100 ng/g lw for the coast of Galicia (Spain). The median 
HBCD concentrations in the common dolphin, a pelagic marine mammal species feeding primarily over the continental 
shelf and in offshore waters, were 900 ng/g lw on the west coast of Ireland, 400 ng/g lw in the English Channel coast of 
France, and 200 ng/g lw in Galicia (Zegers et al. 2005). Law et al. (2006d) studied HBCD in the blubber of harbour 
porpoises from the UK during the period 1994–2003. Eighty-five animals were analysed for HBCD. α-HBCD 
dominated over the other isomers and was detected in all samples at concentrations ranging from 10 to 19,200 µg/kg 
wet weight (11–21,300 µg/kg on a lipid basis) (see paragraph 71 for follow-up study). 

64. de Boer et al. (2004) have analysed HBCDs in eggs of peregrine falcons (Falco peregrinus) (71 ng/g lw – 1,200 
ng/g lw) and muscle in sparrowhawks (Accipiter nisus) (84-19,000 ng/g lw) from the U.K., with detection frequencies 
of 30% and 20%, respectively. Levels of 330-7,100 ng/g lw were in 2001 found in eggs from the common tern (Sterna 
hirundo) in the Netherlands in a study by Morris et al. (2004) and levels of 34-2,400 ng/g lw were found in eggs of 
peregrine falcons in Sweden sampled 1991-1999 (Lindberg et al. 2004). 

65. Due to their high position in the food chain and the elevated exposure in the aquatic environment, fish often 
exhibit high residues of contaminants. Not surprisingly, HBCDs have been detected in many studies in both freshwater 
and marine biota (Covaci et al. 2006). Concentrations of HBCDs in fish downstream of an HBCD manufacturing plant 
on the River Skerne (Durham, U.K.) were very high, with levels up to 10,275 ng/g lw (Allchin and Morris 2003). 
Concentrations of HBCDs were mostly between 10 and 1,000 ng/g lw in urban/suburban regions of Europe, while 
levels in the North American Great Lakes were lower by approximately one order of magnitude (3-80 ng/g lw) (Covaci 
et al. 2006). The wide spread spatial occurrence of HBCD in the aquatic environment was illustrated by Ueno et al 
(2006) that measured HBCD in the muscle of skipjack tuna (Katsuwonus pelamis) (1997-2001) in the Asia-Pacific area. 
Levels ranged between 0.28 ng/g lw in the waters outside Brazil to 45 ng/g lw in the waters outside Japan. The study by 
Xian et al. (2008) in the Yangtze River in China in 2006 examined HBCD levels in fresh water fish. Levels ranged 
between 12 ng/g ww in the muscle of grass carp (Ctenopharyngodon idella) to 330 ng/g ww in the muscle of mandarin 
fish (Siniperca chuatsi). 

66.  HBCD is ubiquitous in the Arctic environment and has been found to be widespread in the Arctic food webs (de 
Wit et al. 2006, 2009). The top predators in the Arctic are especially vulnerable due to environmental changes and a 
high burden of persistent contaminants (AMAP 2009). During periods when fat reserves are used up because of 
environmental stress, contaminants accumulated in the fat reserves are released and transferred to vital organs (KLIF 
2007). Muir et al. (2004) detected ΣHBCD concentrations in the blubber of beluga whales (Delphinapterus leucas) in 
the Canadian Arctic in 2001, a species protected by the Convention on migratory species. The concentrations were in 
the range of 9.8-18 ng/g lw. Muir et al. (2006) detected levels of HBCD in adipose tissue of polar bears (Ursus 
maritimus) in several populations in the Arctic region in 2002. The highest levels were detected in the female bears 
from the Svalbard area (109 ng/g lw). Polar bears are listed on the IUCN Red List of threatened species. Miljeteig et al. 
(2009) compared levels of contaminants in eggs between four Arctic colonies of ivory sea gull (Pagophila eburnea), 
one in the Norwegian Arctic (Svalbard) and three in the Russian Arctic (Franz Josef Land and Severnaya Zemlya). The 
contaminant levels presented are among the highest reported in Arctic seabirds and were identified as an important 
stressor in a species already at risk due to environmental change. The population of ivory gulls in the Arctic is 
decreasing and the species is on the IUCN Red List of Threatened Species (www.iucnredlist.org/). The levels of HBCD 
in the study ranged between 14 and 272 ng/g lw HBCD. In the report of KLIF (2007) glaucous gulls (Larus 
hyperboreus) and great black-backed gulls (Larus marinus) found dead at Bjørnøya in the Norwegian Arctic between 
2003-2005 were analysed for contaminants, such as legacy POPs, mercury and emerging pollutants in the Arctic. The 
levels found for some of the contaminants, including HBCD, were higher than previously reported for glaucous gulls 
from Bjørnøya and other bird species in the Arctic and in Europe. The α-HBCD concentrations in the brain and liver 
samples of the glaucous gulls ranged from 5,1 ng/g lw to 475 ng/g lw, and from 195 ng/g lw to 15,027 ng/g lw, 
respectively. The levels in samples from the two great black-backed gulls were 44.7 and 44.8 ng/g lw in the brain 
samples and 1,881 - 3,699 ng/g lw in the liver samples. For a comparison, the levels found in cormorant liver 
(Phalacrocorax carbo) sampled in England in 1999-2000 were in the range 138-1,320 ng/g lw (Morris et al. 2004). 
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Some 40-45% of the sea birds were found to be completely or severely emaciated. There were also observations of 
dying glaucous gull on Bjørnøya with apparently abnormal behavior. According to KLIF (2007) this may indicate that 
high levels of contaminants, including high levels of HBCD, may have been a contributing factor to the birds’ death, 
directly or indirectly. 

67. According to the reviews done by Covaci et al. (2006), Law et al. (2008b) and Tanabe et al. (2008) the HBCD 
levels in the environment are generally increasing in all matrices in the environment, and seem to correlate with the 
increasing use of HBCD. The reviews cover over 100 published scientific studies (up to 2007) performed in North 
America, Europe, the Arctic, Asia and the South Pacific region. The reviews cover a variety of environmental 
compartments (atmosphere, indoor and outdoor air, sewage sludges, soils and sediments) and a variety of biological 
samples and food chains. In the review by de Wit et al. (2009) the few available temporal studies in the Arctic indicated 
an increase in biota of HBCD, no or unclear trend, depending on species and locality. According to Managaki et al. 
(2009), the increasing trend in releases of HBCD are in agreement with concentration data from sediment cores (Minh 
et al. 2007) and historic trends of HBCD levels in human blood in Japan (Kakimoto et al. 2008). 

68. Several sediment core analyses performed in Asia and Europe show higher levels of HBCD in the top layers and 
lower concentrations in the deeper layers. These findings correlate with the trend in use of HBCD. HBCD was present 
in three sediment cores and six surface sediment samples collected in 2002 from Tokyo Bay, Japan (Minh et al. 2007). 
HBCDs first appeared in the mid-1970s and concentrations observed in the cores have increased since then. Based on 
the data, Tanabe (2008) estimated concentration doubling times of 7 to 12 years for HBCD in the sediment. HBCD was 
first detected in sediments from Lake Greifensee in the mid-1980s (Kohler et al. 2008). HBCD concentrations in the 
cores then increased in an exponential manner with a peak in 2001 (2.5 ng/g, dry weight). Bogdal et al. (2008) reported 
increasing HBCD concentrations up to the surface layer in two sediment cores from Lake Thun.  

69. A temporal trend study of HBCD and PBDEs in eggs of herring gulls (Larus argentatus), Atlantic puffins 
(Fratercula arctica), and black-legged kittiwakes (Rissa tridactyla) in northern Norway (Helgason et al. 2009) showed 
that levels of α-HBCD increased in all species from 1983-2003. The mean levels increased from 16-108 ng/g lw in 
Herring gulls, 12-58 ng/g lw in Atlantic puffins and 30-142 ng/g lw in black-legged kittiwakes at Røst and Hornøya 
(Northern Norway). The same result was achieved in a similar study (KLIF 2005) in eggs from the same bird species 
sampled in 1983, 1993, and 2003 in northern Norway. The median levels increased from 7.9-110 ng/g lw in Herring 
gulls, 8.4-72.3 ng/g lw in Atlantic puffins and 15.9 – 161.3 ng/g lw in Black-legged kittiwakes at Røst and Hornøya. 
The increase in median levels was 25.3-81.4 ng/g lw in Glaucous gulls at Bjørnøya (Svalbard) (KLIF 2005). Esslinger 
et al. investigated the temporal trends and enantiomeric patterns of HBCD in stored pooled egg samples of herring gulls 
(Larus argentatus) collected between 1988 and 2008 from three geographically isolated colonies near the German coast 
(Dioxin 2010a). The temporal trend at Trischen island showed no trend or unclear trend, at Mellum island the trend was 
increasing until the beginning of 1990, where the levels in the eggs was leveling off, followed by a steep increase until 
the beginning of 2000, where the levels fluctuated and showed a decrease the last four years. The same temporal pattern 
was shown at the Heuwiese island, but here the data was limited to the last ten years. However, it is not possible to do a 
regression analysis since the analysis was based on single and pooled egg samples. No standard deviation was given 
and the significance of the variations in the levels was not possible to determine. 

70. Recent monitoring data from for fish (bream and sole) that show concentration changes of HBCD in fish tissue 
is only based on data from three years (2007-2009) so any conclusion on trends can only be preliminary. Different 
trends were found, two increasing, two decreasing and one with no clear trend (Fraunhofer, 2010).  

71. Stapleton et al. (2006) have shown an exponential increase in HBCD concentrations with a doubling time of 
approximately two years in California sea lions (Zalophus californianus) stranded between 1993 and 2003. Law et al 
(2008a,b) have continued their analysis of HBCD in UK harbor porpoises, which now includes 223 animals spread over 
13 years (1994-2006). The within year variation is 4-6 orders of magnitude, which makes any conclusions uncertain. 
However, the mean values indicate increasing concentrations from the mid-1990’s (30-70 µg/kg lipid weight) with a 
steep and statistically significant increase between 2000 and 2001 resulting in a mean concentration of 5,450 µg/kg in 
2003. The steep increase was followed by a corresponding steep decrease between 2003 and 2004, resulting in a 
concentration of 817 µg/kg in 2006. Concentrations of PBDEs and HBCDs in marine mammals from Japanese and 
Chinese coastal waters have drastically increased during the last 30 years (Tanabe et al. 2008). In the samples from 
Japan, temporal changes in BFR levels were associated with trends in production/use of the commercial formulations. 
Since the withdrawal of some PBDE products from the Japanese market in the 1990s, concentrations of HBCDs appear 
to exceed those of PBDEs, reflecting increasing usage of HBCDs. 

72. The concentrations in the European environment are often higher than those measured in biota in North America 
and the Asia-Pacific region (Hoh and Hites 2005; Tomy et al. 2004; Peck et al. 2008; Stapleton et al. 2006; Janák et al. 
2005; Morris et al. 2004; Zegers et al. 2005; Yu et al. 2008; Kajiwara et al. 2006; Isobe et al. 2008; see reviews by 
Tanabe et al. 2008 and Law et al. 2008b). The levels in the Asia-Pacific region and North America are found to be in 
the lower range of the levels detected in sea mammals in Europe (Covaci et al. 2006). The results likely reflect the 
substantially higher market demand for HBCD in Europe relative to other regions of the world (Law et al. 2008b; 
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Tanabe et al. 2008). However, according to the review by Tanabe et al. (2008) HBCDs are also widespread in the Asia-
Pacific region. The review concluded that HBCDs were detected in all the matrices examined - mussels, fish, marine 
mammals, human breast milk, house and office dust. The highest concentrations of BFRs were observed in the samples 
from Korea, South China, and Japan. A similar pattern emerges from other Asian studies. Assessing HBCD levels in 
skipjack tuna samples collected from thirteen offshore locations in the Asia-Pacific region during 1997–2001 (Ueno et 
al. 2006) found HBCD levels that were higher in mid-latitude areas of the Far East, as relatively high concentrations 
were detected in samples collected around Japan, the East China Sea and the North Pacific. In two other field studies 
the spatial distribution of HBCDs in the Asia-Pacific region were assessed by analyzing fat tissue of marine mammals 
from Japan and Hong Kong (Kajiwara et al. 2006; Isobe et al. 2008). The detected HBCD levels were higher in 
cetaceans from Japan than in cetaceans from Hong Kong, probably due to intensive usage in Japan in recent years. 
HBCD levels in mammals from Hong Kong and Japan ranged from 21 to 380 ng/g lipid wt and from 330 to 940 ng/g 
lipid wt, respectively. For comparison, measured levels in blubber sampled from white-sided dolphins at the eastern 
coast of US between 1993-2004 were in the range of 19-380 ng/g lw (14-280 ng/g ww) (Peck et al. 2008). Tanabe et al. 
(2008) concluded that the high levels of BFRs, including HBCD, in marine mammals found in coastal waters of Japan 
and south China could be due to the presence of a number of electronics manufacturing industries in this region.  

73. According to Covaci et al. (2006) there is a general trend to higher environmental HBCD concentrations (air, 
sediment, and fish) near point sources (plants producing or processing HBCDs) and in urban areas, than in locations 
with no obvious sources of HBCDs. Concentrations of HBCDs are often elevated by at least one order of magnitude in 
the vicinity of plants either producing or using HBCDs. Several hot spots have been identified in Europe: the rivers 
Viskan (Sweden), Tees and Skerne (U.K.), Cinca (Spain), and the Western Scheldt estuary (Netherlands) (Covaci et al. 
2006). All of these sites were related to present or former production facilities for HBCDs or HBCD retarded materials. 
Higher HBCD concentrations are also frequently found near urban centers and industrial sites (Janak et al. 2005; 
Remberger et al. 2005; Petersen et al. 2005; Minh et al. 2007; Morris et al. 2004; Sellström et al. 1998; Eljarrat et al. 
2009; Hoh and Hites 2005). In a study by Remberger et al. (2004) the depositional fluxes measured in the urban region 
of Sweden were between 5.5 and 366 ng/m2. Fluxes measured in more remote locations of Sweden and Finland were 
generally smaller and ranged from 0.02 to 13 ng/m2. Air concentrations at sites near potential point sources ranged from 
0.013 to 1,070 ng/m3 while those at the urban stations were 0.076 to 0.61 ng/m3. In the study by Remberger et al (2004) 
the highest air concentration (1,070 ng/m3), was recorded close to the exhaust for the air ventilation system of the XPS 
manufacturing facility. In particular, soil samples collected near HBCD-processing factories are found to have high 
levels of HBCD. Remberger et al. (2004) and Petersen et al. (2005) measured HBCDs, ranging between 111 and 23,200 
ng/g dw, in soil samples collected outside an XPS producing plant. Highest concentrations (1,100 and 680 ng/g lw α-
isomer in sole, Solea solea, muscle and liver, respectively) in the study by Janak et al (2005) were measured nearest to a 
HBCD production plant at Terneuzen (ICL-IP Terneuzen formally known as, Broomchemie 7,500 tons HBCD/year). 
The levels fell with increasing distance to the point source. 

74. The findings of Heeb et al. (2008) are also important to the issue of bioavailability. Heeb et al. (2008) 
documented conversion of the γ-isomer into α-HBCD at temperatures exceeding 100°C. In a wider context, this finding 
suggests that finished products subjected to high temperatures during processing, and the releases during the service life 
of HBCD containing articles, as well as the releases from the industrial use of HBCD in textiles and polystyrene, may 
carry a higher proportion of the α-isomer than is present in the original formulation. This in turn may increase the 
potential for organism exposure to the α-isomer, and may in part explain the predominance of α-HBCD in biota. 
Compared to α-HBCD, the γ- and β- isomers are commonly present at lower levels or below detection limits (European 
Commission, 2008).  

75. In the study by KLIF (2008) the dominating isomer at the two local sites monitored in the Norwegian Arctic was 
γ-HBCD (71 - 72%). In the precipitation samples at the Great Lakes Basin in the study by Bakkus et al (2005) the 
dominating diastereoisomer was α-HBCD; the average percent distribution was 77%, 15% and 8% for α-, β- and γ-
HBCD respectively. In the study by Yu et al. (2008), air samples were collected from four sites in the city of 
Guangzhou, a typical fast developing metropolitan city of South China, The analysis indicated that α-HBCD (59–68%) 
was the dominant isomer and β-HBCD was a minor isomer in all air samples. For gas-particle distribution on each 
diastereoisomers the percentage of β-HBCD in gas phase was higher than those in particle phase whereas the 
percentage of α and γ-HBCD in gas phase was lower than those in particle phase at all sites. This might be caused by 
slightly different physicochemical properties of three diasteroeoisomers. The stereoisomeric profile of HBCDs in most 
sediments have been found to be similar to that of commercial HBCD formulations, with γ-HBCD being the most 
abundant stereoisomer (Morris et al 2004). However, near production facilities using HBCD (Morris et al. 2004, 
Schlabach et al 2004a, b), the contribution of α-HBCD was higher than in the technical mixture. 

76. Generally, the isomeric pattern observed in biota varies with species. This may reflect species differences in the 
external exposure situation, uptake, metabolism or depuration of the three isomers. Whilst several studies show that 
both α-HBCD and γ-HBCD have a tendency to bioaccumulate in organisms, α-HBCD reportedly has a higher potential 
to biomagnify than γ-HBCD (see section 2.2.2). The α-isomer of HBCD therefore dominates especially at higher 
trophic levels in the food webs. Selective biotransformation and bioisomerization, whereby the other stereoisomers are 
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preferentially converted to α-HBCD, contributes to this pattern (Law et al. 2006d; Janák et al. 2005; Zegers et al. 2005; 
see European Commission 2008 for overview). Another mechanism of importance can be a selective uptake of α-
HBCD and/or differences in the stereoisomeric and enantiomeric profile of prey organisms. In peregrine falcons and 
white-tailed sea eagle only α-HBCD was detected, and in terns and guillemots it was the predominant diastereoisomer 
(Janák et al. 2008). This is in agreement with other studies of HBCD diastereoisomers in birds (Leonards et al. 2004; 
Morris et al. 2004; KLIF 2005). At the bottom of the food chain a different exposure pattern emerges. For example, in a 
study by Tomy et al. (2008), the main isomer in bottom dwelling filter feeders and zooplankton was found to be γ-
HBCD. As illustrated by Roosens et al. (2009), such environmental changes are reflected in the human tissue samples, 
but may in addition be influenced by in vivo bioisomerization of β- and γ-HBCD to α–HBCD and a more rapid 
biotransformation of β- and γ-HBCD than α–HBCD (Zegers et al. 2005, Law et al. 2006c). In vivo studies with rats 
suggest that HBCD is also debrominated to PBCDe and TBCDe. In total, five different species of hydroxylated HBCD 
metabolites have been found by LCQ and GC-MS; monohydroxy- and dihydroxy-HBCD, monohydroxy- and 
dihydroxy-PBCDe and monohydroxy-TBCDe (Brandsma et al. 2009).  

2.3.2 Human exposure 
77. Humans, like other organisms, are exposed to HBCD via multiple sources: food, dust, air, textiles, polystyrene 
products and electronic equipment (for overview see NCM 2008; European Commission, 2008; AMAP 2009; Covaci et 
al. 2006; Harrad et al. 2010a,b). Human exposure to HBCD may be either dermal or oral, and may also result from 
inhalation of vapor and particles (European Commission, 2008). In the work environment direct dermal exposure and 
inhalation of fine HBCD dust or particles are particular concerns. In a study by Thomsen et al. (2007) industrial 
workers at plants producing EPS with HBCD were found to have elevated HBCD levels in their blood (i.e. 6-856 ng/g 
lw serum). Serum/blood levels in non-occupationally exposed individuals are typically much lower (i.e. 0.005-6.9 ng/ g 
lw) though the data indicates potentially significant sources of exposure (see KEMI 2008 for overview). 

78. In non-occupationally exposed individuals indirect exposure via the environment or products, be it oral, dermal 
or by inhalation, is the main concern. In a study by Stapleton et al. (2008) HBCD levels in dust samples from indoor 
environments ranged from <4.5 ng/g to a maximum of 130,200 ng/g with a median value of 230 ng/g. A study by 
Abdallah et al (2009) found HBCD in household air (median concentration 180 pg m-3), household dust (median 
concentration 1,300 ng/g), offices (median concentration 760 ng/g), and cars (median concentration 13,000 ng/g). 
Reported dietary exposure levels in humans vary globally and regionally (Shi et al. 2009, Roosens et al. 2009). Surveys 
in Europe and the US reveal dietary exposure levels for HBCD in the range of <0.01-5 ng/g w/w (see Roosens et al. 
2009 for overview). Fatty foods of animal origin such as meat and fish are likely a major source of dietary human 
exposure, and the exposure situation closely depends on the consumption of those products in the population (e.g. Shi et 
al. 2009; Remberger et al 2004, Lind et al 2002, Driffield et al 2008). Among all dietary samples, the highest HBCD 
concentrations (up to 9.4 ng/g w/w) are reported for fish (Knutsen et al. 2008, Remberger et al. 2004, Allchin and 
Morris 2003). Accordingly in Norway, where fish is an important part of the diet, intake of fish has been found to 
closely correlate with serum HBCD levels (Thomsen et al. 2008; Knutsen et al. 2008). Eggs are another potential 
source of human exposure (Hiebl et al. 2007, Covaci et al. 2009). A survey of home-grown chicken eggs sampled near 
contaminated sites in developing countries showed eggs to contain <3.0-160 ng/g lipid weight (IPEN, 2005). HBCD 
levels in eggs were high in Mexico (91 ng/g lipid), Uruguay (89 ng/g lipid), Slovakia (89 ng/g lipid), relatively high in 
Turkey (43 ng/g lipid), and extremely high in Kenya (160 ng/g lipid). That vegetables may contain HBCD at similar 
concentrations as have been reported for meat and fish, was shown by Driffield et al. (2008), who assessed 19 different 
food groups representing the UK diet for 2004 for brominated flame retardants. The presence of HBCD in vegetables 
and vegetable oils and fats may arise from the presence of this substance in sewage sludge and the subsequent use of 
sewage sludge as a food crop fertilizer (Kupper et al. 2008, Brändli et al. 2007). Stereoisomeric patterns in food 
samples suggest both global and regional variation, as well as stereoisomeric differences depending on food type 
(Roosens et al. 2009; Shi et al. 2009).  

79. Although fish and meat are the major dietary sources in Europe, USA and China (Covaci et al. 2006; Schecter et 
al. 2008; Thomsen et al. 2008; Shi et al. 2009), two British studies assessing HBCD exposure in humans also highlight 
indoor air, and in particular dust, as important sources of exposure in both adults and toddlers (Abdallah et al. 2008a 
and b). For a toddler of 10 kg who ingests an estimated 200 mg dust/ day (HBCD contamination at the 95th percentile) 
the intake via dust may exceed by 10 times the levels received via diet alone (Abdallah et al. 2008a). In the study of 
Roosens et al. (2009), daily exposure from food and dust was found to be approximately similar in magnitude, and 
HBCD concentrations in serum only correlated significantly with estimates of exposure via dust. As postulated by the 
authors, exposure to dust may be an important exposure route because exposure remains more constant over time 
compared to exposure from food which depends on the more periodic intake of contaminated food items (Roosens et al. 
2009). However, as fish and meat are common food commodities in many regions, diet could cause potentially higher 
exposures than dust, depending on consumption rates, dietary patterns and geographic distribution. 

80. As a result of continuous exposure in homes, offices and cars, HBCD is found in human adipose tissue 
(Pulkrabová et al. 2009; Johnson-Restrepo et al. 2008; Antignac et al. 2008; Abdallah and Harrad 2009) and blood 
(Weiss et al. 2004; Weiss et al. 2006; Lopez et al. 2004; Brandsma et al. 2009; Thomsen et al. 2007; Meijer et al. 2008; 
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Roosens et al. 2009). Exposure occurs at an early stage of development as HBCD is transferred across the human 
placenta to the fetus (Mejier et al. 2008), and is also transferred from mother to child via breast milk. HBCD has been 
detected in breast milk in Europe (Covaci et al. 2006; Lignell et al. 2009; Eljarrat et al. 2009, Colles et al. 2008; Polder 
et al. 2008a; Polder et al. 2008b; Fängström et al. 2008; Antignac et al. 2008), in Asia (Kakimoto et al. 2008; Shi et al. 
2009; Malarvannan et al. 2009; Tue et al. 2010), in Russia (Polder et al. 2008b), Mexico (Lopez et al. 2004) and in 
USA (Schecter et al. 2008). Hence exposure to HBCD occurs at critical stages of human development, both during 
pregnancy and postnatally via breast milk. Reported concentrations of HBCD in breast milk range from below detection 
limit to 188 ng HBCD/g lw (for overview see European Commission 2008). According to EBFRIP 2009b the typical 
range of total HBCD concentrations in human breast milk in populations inhabiting industrialized areas appears to be 
<1 to 5 ng/g lw. Geographically, the highest HBCD levels have been found in mothers’ milk from two areas in 
Northern Spain (Catalonia and Galicia). The reported HBCD levels from these studies ranged from 3-188 and 8 -188 
ng/g lw, with median values of 27 and 26 ng/g lw, respectively (Eljarrat et al. 2009; Guerra et al. 2008a).  

81. As documented by a Japanese study (Kakimoto et al. 2008), HBCD levels in human milk appear to mirror the 
market consumption of HBCD. In mothers’ milk from Japanese women (age 25–29) HBCD levels were below the 
detection limit in all samples collected during the 10-year period from 1973-1983, but then increased from 1988 
onwards. In the period 1988-2006, α-HBCD was detected in all 11 pooled milk samples with levels ranging from 0.4-
1.9 ng/g lw. Mean total HBCD concentrations over the period 2000 – 2006 ranged from 1-4 ng/g lw. The levels 
reported from this Japanese study are higher than values reported for women from Northern Norway where HBCD was 
detected in only 1/10 samples, at a concentration of 0.13 ng/g lw (Polder et al. 2008a). In a study from Stockholm, 
Sweden, temporal trends show an increase in HBCD levels in milk up to 2002 after which a levelling occurs.  

82. The extent of oral absorption of HBCD in humans is largely unknown (ECHA 2008a). Estimations suggest that 
the uptake of HBCD via this exposure route ranges from 50-100% (ECHA 2008a, European Commission 2008). 
According to calculations made in the EU risk assessment (European Commission 2008) intake of HBCD via breast 
milk is 1.5 ng/ kg bw/ day for 0-3 month olds and 5.6 ng/ kg bw/ day in 3-12 month old babies. However, with the 
levels found in mothers’ milk from some locations in northern Spain (A Coruña), Eljarrat et al. 2008 calculated the 
intake to be 175 ng/ kg bw/day for 1 month olds. This is 12 times higher than the estimated daily intake (EDI) for 0-3 
month old infants as determined in the EU risk assessment (European Commission 2008) and 25-1,458 times higher 
than the EDI for adults in Sweden, Netherlands, United Kingdom and Norway (KEMI, 2009; Eljarrat et al. 2009, 
Roosens et al. 2010). A Flemish dietary study suggests that the age group between 3 and 6 years seems to be the highest 
exposed with an EDI for ΣHBCD of 7 ng/kg bw day. Newborns and adults are less exposed with EDI’s of 3 and 1 
ng/kg bw day, respectively (Roosens et al. 2010). In all instances, however, children appear to be more exposed than 
adults.  

83. Data from China, which are based on α-HBCD levels in the range of <LOD to 2.78 ng/ g as measured in 
mothers’ milk from 1,237 donors from 12 different provinces, suggest an EDI of 5.84 ng / kg bw/ day when assuming a 
body weight of 7.8 kg and a milk consumption for 6-month-olds as specified by the U.S. Environmental Protection 
Agency (Exposure Factors Handbook US EPA). This value is approximately 3 to 10 times lower than the calculated 
EDI for infants in the EU region which were proposed to be 15 and 56 ng/ kg bw/ day for 0-3 month and 3-12 month 
old infants, respectively (European Commission, 2008). Still, the EDI for infants in China is estimated to be 14 times 
that of Chinese adults, where an EDI of 0.432 ng/kg bw/day was given for a “reference” man (Shi et al. 2009). 

84. Although α-HBCD, followed by γ- and β-HBCD, appears to be the predominant diastereoisomer in all biota, 
including humans (European Commission 2008), the profiles of α-, β-, and γ-HBCD isomers in human tissues are not 
consistent and differ somewhat between studies (Weiss et al. 2006, Thomsen et al. 2007, Roosens et al. 2009, Shi et al. 
2009, Schecter et al. 2008, Eljarrat et al. 2009, Guerra et al. 2008a). The external exposure situation (time, dose and 
stereosisomeric pattern), toxicokinetics, biotransformation, and time of sampling may all be important.  

2.4 Hazard assessment for endpoints of concern  
85. The hazard potential of HBCD has been assessed in several reports (European Commission 2008, ECHA 2008b, 
US EPA 2008 and EBFRIP 2009b). In the EU, HBCD has been identified as a substance of very high concern based on 
its persistency, bioaccumulation and toxicity. In the US an initial screening assessment of HBCD concluded that there 
is a high concern for aquatic organisms from environmental releases, based on the bioaccumulation potential of HBCD, 
the high acute toxicity for aquatic plants and chronic toxicity for aquatic invertebrates, and also the potential for 
exposure and presence in remote regions (US EPA 2008).  

86. Most toxicological studies with HBCD focus on HBCD mixtures and the available data on stereoisomer specific 
toxicity is very limited. It is difficult to draw any firm conclusions regarding the risks posed by the different 
stereoisomers and enantiomers at this point since partly contrasting results have been obtained that may depend on 
differences in the endpoints and methods used in the different studies (Dingemans et al. 2009, Zhang et al. 2008, 
Hamers et al. 2006, Palace et al. 2008).  
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2.4.1 Ecotoxicity to aquatic organisms 
87. Ecotoxicity testing of HBCD in aqueous media is complicated by its very low water solubility and high 
adsorption potential (EBFRIP 2009b, NCM 2008). HBCD has a low acute toxicity to aquatic organisms owing in part 
to its limited solubility in aqueous media (Wildlife International 1997, Walsh et al. 1987, CEPA 2007 and ACCBFRIP 
2001 for overview). Regarding the long-term toxicity of HBCD it was concluded to be very toxic to aquatic organisms 
in the EU Risk Assessment (European Commission 2008). This conclusion was based on the long-term ecotoxicity test 
with Daphnia magna (28d-NOEC 3.1 μg/l; Wildlife International 1998) and on the growth inhibition test with 
Skeletonema costatum (72h-EC50 52 μg/L; Wildlife International 2005). In both tests calculated NOEC and EC50 
values were below the water solubility of the technical mixture of HBCD (66 μg/L). Based on the effects in long-term 
tests with Lumbriculus variegates, HBCD is known to cause adverse effects to aquatic sediment organisms at exposure 
level relevant for the environment (Institute of Hydrobiology 2001). 

88. Fish-feeding studies indicate effects on key biological processes. For example an interference of HBCD with the 
HPT-axis and liver biotransformation enzymes were reported in rainbow trout exposed to individual HBCD 
diastereoisomers via food for 56 days followed by a depuration period of 112 days when fish were fed a reference diet 
(Palace et al. 2008). Lipid corrected concentrations of α-, β-, γ-isomers in the food were 29.14 ± 1.95, 11.84 ± 4.62, and 
22.84 ± 2.26 ng/g, respectively (means ±SEM). Liver detoxification processes (P450 CYP1A activity) were inhibited 
by all HBCD stereoisomers after 7 days of dosing, and also after 56 days of dosing but then only in α- and β- exposed 
fish. Thyroid follicle epithelial cell heights were significantly greater in γ-HBCD exposed fish at day 56 of the uptake 
phase and in fish from the α- and γ-HBCD exposed groups at day 14 of the depuration phase. More recent studies also 
support that HBCD may interfere with the fish thyroid system (Palace et al. 2010). The link between HBCD induced 
disturbances in the HPT-axis and the importance of such effects to smoltification in Atlantic salmon has also been 
examined (Lower and Moore 2007). To assess this, Lower and Moore (2007) exposed juvenile salmon to 11 ng/L of a 
HBCD mixture for 30 days during the peak smoltification period in freshwater. The fish were then transferred to clean 
seawater for 20 days. Throughout the HBCD-dosing and saltwater exposures, 5-8 fish were sampled every 7 days and 
gill and blood tissues were collected. In addition, electro-olfactrograms were recorded in an additional 5 fish every 10 
days using urine from salmon from the same stream (considered to be the cue for returning smolts) as an effector. The 
exposure to HBCD was not observed to affect seawater adaptability, although the peak of thyroxine was shifted and 
occurred one week earlier in HBCD exposed fish than in controls. A reduction in olfactory function, as evidenced by 
attenuated olfactory responses during early freshwater transition, was also observed. This latter effect is important as it 
can affect successful homing, and thereby ultimately also reproductive capacity in adult salmon. In contrast to the 
above findings, in a third reported study assessing TH effects in European flounders (Platichtys flesus), no effects 
neither on the liver’s biotransformation capacity or TH-levels were reported, even though HBCD accumulated dose-
dependently (Kuiper et al. 2007). The fish were in this instance exposed to HBCD in food (µg/g lipid) and sediment 
(µg/g total organic carbon) in the following combinations; 0+0 (control); 0.3+0.08; 3+0.8; 30+8; 300+80; 3,000+800; 
and 0+8,000 for 78 days. Lastly, HBCD may also interfere with amphibian metamorphosis, a process that is tightly 
regulated by TH-hormones. As shown in vitro, HBCD at 10, 100 and 1000 nM potentiates T3 induced tadpole tail 
regression in a concentration dependent manner (Schriks et al. 2006). In vivo such effects may result in precocious 
metamorphosis.  

89. Recent studies with fish models suggest that HBCD may also induce oxidative stress and apoptosis. Deng et al. 
(2009) examined oxidative stress and the apoptosis pathway in four-hour post-fertilization zebrafish (Danio rerio) 
embryos by exposing them to waterborne HBCD at concentrations of 0, 0.05, 0.1, 0.5, and 1.0 mg/ L for 92 hours. 
Survival was reduced at the three middle doses equivalently, but was elevated at the highest dose (1mg/L). Hatching 
rate was only affected at the highest dose (1 mg/L) with a 10 % reduction from controls. Malformation rates (including 
epiboly deformities, yolk sac and pericardial edema, tail and heart malformations, spinal curvatures and improper 
inflation of the swimbladder) increased dose dependently, and heart rate and body length both also decreased with 
exposure to HBCD. The levels of reactive oxygen species (ROS) also increased dose dependently in fish exposed to 
HBCD concentrations above 0.05 mg/L. With regard to apoptosis, HBCD elevated expression of the pro-apoptotic 
genes p53, Bax, Puma, Apaf-1, and caspase-9 and caspase-3, of which the response of the latter two was verified at the 
enzyme level. The anti-apoptotic genes Mdm2 and Bcl-2 were both significantly down regulated at the highest HBCD 
exposure concentration. The overall results demonstrate that waterborne HBCD may produce oxidative stress in 
zebrafish embryos and lower survival at doses below the water solubility of technical HBCD. The latter effect is 
important since HBCD has been documented to be maternally transferred to off-spring in oviparous animals, hereunder 
also fish (Nyholm et al. 2008, Jaspers et al. 2005, Lundsted-Enkel et al. 2006). The potential of HBCD to induce 
oxidative stress in zebra fish embryos has also been demonstrated by Hu et al. (2009). Here, the oxidative stress, 
assessed by lipid membrane damage (effects at 0.5, 2.5 and 10 mg /L) was also accompanied by delays in hatching 
(≤0.5 mg HBCD/ ml), dose-independent changes in superoxide dismutase enzyme activity (higher at 0.1, lower at 2.5 
and 10 mg/ L) and an elevation of heat shock proteins (Hsp70) activity (≥0.1 mg/L), the latter effect likely indicating 
increased protein repair activity. Moreover, in a study with Chinese rare minnows (Gobiocyprinus rarus) Zhang et al. 
(2008) observed a consistent increase in oxidative stress and cellular macromolecules in brain (ROS, carbonylation, 
TBARS) and erythrocytes (DNA) by waterborne HBCD in the 100-500 µg/l range (42 days). Protective enzymatic- 
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(superoxide dismutase) and non-enzymatic antioxidant glutathione were compromised even at concentrations of 10 and 
1 ug /L respectively. A shorter 28 day exposure resulted in somewhat higher effect concentrations. However, since 
most test concentrations in these studies are above the water solubility of HBCD, the studies may not be suited to derive 
dose-response relationships and to set thresholds of toxicity.  

90. In fish proposed novel mechanisms of HBCD toxicity are decreased protein metabolism and changes in 
cytoskeleton dynamics and cellular defense mechanisms (Kling and Förlin 2009). Recently, HBCD was also 
demonstrated to have a genotoxic potential and to increase cell death in benthic clams (Macoma balthica) (Smolarz and 
Berger 2009). 

2.4.2 Toxicity in soil organisms and plants 
91. Long-term toxicity of HBCD to earthworms has been assessed by ABC (2003), who measured survival and 
reproduction in Eisenia fetida (clittelate adults) following 56 day exposure to a technical HBCD mixture. HBCD was 
mixed dry into artificial soil media at concentrations of 78.5 to 5,000 mg/kg dry soil weight. In this study, the NOEC 
for survival and reproduction were determined to be 4,190 and 128 mg HBCD/kg dry soil respectively. The NOEC for 
reproduction was later recalculated to 59 mg/kg dry soil weight because the soil that was used contained a higher 
amount of organic matter than standard soil (NCM 2008).  

92. Assessments of the toxicity of HBCD in the terrestrial ecosystems have also been conducted with plants 
(Wildlife International 2002). This study, yielding a NOEC of > 5,000 mg HBCD/ kg dry soil for the test species corn 
(Zea mays), cucumber (Cucumis sativa), onion (Allium cepa), ryegrass (Lollium perenne), soybean (Glycine max) and 
tomato (Lycopersicon esculentum), was determined using a technical HBCD mixture in a seedling emergence test. For 
effects on soil micro-organisms, the only conducted study reports a NOEC of ≥ 750 mg HBCD/ kg dw using nitrate 
production as an endpoint for assessment (ECT 2007).  

2.4.3 Toxicity in birds 
93. A recent study with American kestrels indicates that a technical HBCD mixture administered to birds via the diet 
is readily taken up and distributed to internal organs (BFR 2009a; SETAC 2009). The main stereoisomer detected in 
liver, fat and egg was α-HBCD, followed by γ-HBCD and β-HBCD. According to these observations, HBCD is 
preferentially stored in fat and is transferred to eggs during development. Tissue concentrations were such that 
fat>>eggs>liver>plasma (SETAC 2009). In this study, administration of 800 ng/g ww of technical HBCD formulation 
in safflower oil for 21 days followed by a 25 day depuration period, resulted in environmentally relevant internal doses, 
i.e., ∑ HBCD 934.8 ng/g lw (20 ng/g ww) in liver and 4216.2 ng/g lw (181. 5 ng/g ww) in eggs) with the level of α-
HBCD being 164 ng/g ww in egg) (BFR 2009b). In a parallel study, and ) assessed reproductive effects of HBCD in 
American kestrels (Falco sparverius) (BFR 2009b; Dioxin 2010b). Also here kestrels were exposed daily to 800 ng/g 
ww of a technical HBCD mixture in safflower oil from three weeks prior to pairing until two days before hatching. α-
HBCD dominated in eggs, where it was found at a concentration of 164 ng/g ww following exposure. While clutch size 
(number of eggs per female) was greater in the treated kestrels, hatchling numbers were comparable to that of controls 
(Dioxin 2010b). Treated kestrel nestlings were smaller in weight and had a slower growth rate than controls as 
determined by overall body weight. Behavioural parameters related to parental care were also affected by HBCD 
exposure (BFR 2009b; Dioxin 2010c). Collectively, the findings from these studies suggest that there is reason for 
concern of reproductive and developmental effects in wild birds, because the 800 ng/ g ww dose that elicited effects in 
the studies by Marteinson and Fernie (see BFR 2009 for overview) are similar to what have previously been observed 
in wild birds in Central Europe and the Norwegian Arctic, i.e., (cormorant (liver): 138-1,320 ng/g lw and tern (egg): 
330-7100 ng/g lw (Morris et al. 2004); glaucous gulls (liver):195-15,027 ng/g lw and great black- backed gulls (liver): 
1,881 - 3,699 ng/g lw (KLIF 2007); glaucous gulls (liver): 75.6 ng/g ww (Verreault et al. 2007).  

94. The avian developmental and reproductive toxicity of HBCD was also examined in a Japanese study in 2009. In 
this study the Japanese quails (Coturnix coturnix japonica) that were fed diets containing 0, 125, 250, 500 or 1,000 ppm 
of HBCD (a mixture of isomers: α-, 27%; β-, 30%; γ-, 43%) for 6 weeks. HBCD caused a reduction in hatchability at 
all concentrations examined. A statistically significant reduction in egg shell thickness was also observed at 
concentrations above 125 ppm. Decreases in egg weights and egg production rate and an increase in the number of 
cracked eggs were observed at 500 and 1,000 ppm of HBCD. Adult mortality increased at 1,000 ppm. Additional tests 
were conducted with concentrations of 0, 5, 15, 45 or 125 ppm of HBCD to confirm no-observed-effect concentration 
(NOEC) on reproductive performance. Survival of chicks hatched from eggs of HBCD fed hens was significantly 
reduced at 15 ppm (2.1 mg/kg bw/day) and more. A tendency to reduced hatchability with increasing concentration of 
HBCD was also observed at 15 ppm and more. The NOEC for reproductive performance of quails was considered to be 
5 ppm (0.7 mg/kg bw/day) of HBCD (Ministry of the Environment, Japan, 2009, Japanese submission). 

95. When technical HBCD was injected into the air cell of chicken eggs prior to incubation, a lowering of hatching 
success was observed at concentrations of 100 and 10,000 ng/g (Crump et al. 2010). In the same study, effects on the 
mRNA expression of CYP2H1, CYP3A37, UGT1A9, deoiodinase 2, liver fatty acid binding protein and insulin-growth 
factor 1 in chicken were also documented (both doses). The observation that HBCD may interfere with key metabolic 
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pathways in chickens is further supported by Crump et al. (2008), who assessed effects on mRNA expression in 
chicken embryonic hepatocytes exposed to 0.01 to 30 µM α-HBCD or a technical mixture of HBCD. α-HBCD, but not 
technical HBCD, induced Phase I (CYP2H1 and CYP3A37) and Phase II (UGT1A9) metabolizing enzymes in a dose 
dependent manner. The Phase II metabolic enzyme, UGT1A9 is an avian ortholog to mammalian UGT1A1. These 
enzymes facilitate the excretion of the thyroid hormone thyroxine (T4) by glucuronidation. Hence, the up-regulation of 
this enzyme provides a mechanism by which T4 may be depleted in exposed organisms (i.e. through more rapid 
conjugation and excretion). Crump et al. (2008) also observed that the gene encoding transthyretin (TTR) was down-
regulated by technical mixture of HBCD and α-HBCD at concentrations of >1µM. TTR is a serum and cerebrospinal 
fluid carrier of T4 and retinol. The observed down-regulation of TTR could therefore add to the effect caused by 
UGT1A9, and lead to even more lowering of T4 in blood/ serum. 

2.4.4 Toxicity in terrestrial mammals  
96. Available studies demonstrate that HBCD is rapidly absorbed from the rodent gastro-intestinal tract. The highest 
concentrations are subsequently reached in adipose tissue and muscles, followed by the liver. At long-term exposure, 
higher concentrations are achieved in females than in males, but the substance is bioaccumulating in both sexes, with 
the time to reach steady-state concentrations in the order of months. Of the three diastereoisomers constituting HBCD, 
the α-form is much more accumulating than the others (the relative bioaccumulation factor was in one study 99:11:1 for 
α-, ß-, and γ-HBCD, respectively). HBCD can be slowly metabolised and eliminated mainly via faeces (European 
Commission 2008). 

97. In mammals HBCD primarily targets biotransformation processes in the liver and also affects the HPT-axis (see 
NCM 2008; European Commission 2008, ECHA 2008b). Induction of oxidative stress and interference with apoptotic 
programmes and hormone signalling could possibly be the initial toxic effects of HBCD exposure (e.g. Zhang et al. 
2008; Reistad et al. 2006; Dingemans et al. 2009; Fery et al. 2009; Yamada-Okabe 2005; Hamers et al. 2006; Deng et 
al. 2009; Kling and Förlin 2009; Hu et al. 2009). In rats daily oral HBCD exposure of 3 to 100 mg/ kg bw affects key 
metabolic pathways including metabolism of lipid, triacylglycerol, androstenedioene, testosterone, estrogen and 
cholesterol, as well as Phase I and II biotransformation (Canton et al. 2008; van der Ven et al. 2006). In in vitro studies 
HBCD acts as an antagonist of important hormone receptors such as the androgen, thyroid hormone and progesterone 
receptors (Yamada-Okabe 2005, Hamers et al. 2006). Together with available in vivo data (see NCM 2008, European 
Commission 2008 and ECHA 2008b for overview), these studies indicated HBCD as a likely endocrine disruptor of 
both the hypothalamus-pituitary-thyroid hormone axis and of sex-steroid regulated processes in mammals. The thyroid 
hormone effects of HBCD have hitherto received most attention and a series of studies have been undertaken. The 
results from in vivo subchronic tests with rats range from no observed effects to increase in thyroid- and overall body 
weight, decreased serum T4 and increased serum TSH (WIL 2001, van der Ven et al. 2006, Ema et al. 2008, van der 
Ven et al. 2009, see KEMI 2009 for overview). Effects have been observed in both sexes but have also been limited to 
females only. Though the results may appear inconsistent, there is now considerable consensus that HBCD, like other 
brominated flame retardants, can interfere with the HPT-axis (KEMI, 2009, European Commission 2008, NCM 2008). 
The mechanism for the thyroid effects is not clear, but a mode of action has been proposed where changes in hepatic 
metabolism of thyroid hormone (TH) precedes changes in circulating TH levels, the pituitary, increased TSH levels and 
activation of thyroid with hypothyroidism and with secondary effects on lipoprotein synthesis and cholesterol- and fatty 
acid homeostasis as possible outcomes (van der Ven et al. 2006, KEMI 2009, Canton et al. 2008).  

98. Besides their role as major regulators of body metabolism (Norris, 2007), thyroid hormones are required for 
normal development of the nervous system, as are retinoids (Forrest et al. 2002, Maden 2007), and disturbances in these 
systems may therefore result in long term neurotoxic effects in off-spring. For HBCD, a neurotoxic potential has 
previously been indicated both in vivo and in vitro with rodent models (Reistad et al. 2006, Mariussen and Fonnum, 
2003, Dingemans et al. 2009, Eriksson et al. 2006, Lilienthal et al. 2009). In the in vivo study of Eriksson et al. (2006) 
neonatal direct exposure of pups to a single oral dose of HBCD (0.9 mg/ kg or 13.5 mg/ kg bw on postnatal day 10), 
induced alterations in spontaneous behavior with initial hypo-reactivity, followed by impaired habituation in adult 
mice. This study also reported effects on spatial learning and memory as assessed in a Morris water maze test with 
exposed mice. In contrast, in their two-generation study with rats where exposure of pups occurred indirectly via human 
breast milk, Ema et al. (2008), only observed transient changes in the performance of F1 males in a water-filled T-maze 
test at an exposure level of 1,500 ppm and higher and no effects on other parameters (locomotor activity). According to 
Ema et al. (2008), the discrepancy in their results from the results obtained in previous studies could be explained by 
differences in exposure regime and/or by differences in species sensitivity. Results from in vitro studies suggest that 
HBCD may be cytotoxic to nerve cells and possibly also interfere with neuronal signalling events such as Ca2+ and 
neurotransmitter uptake (Reistad et al. 2006, Mariussen and Fonnum 2003, Dingemans et al. 2009). 

99. The in vivo neurotoxic potential of HBCD has also been studied by Lilienthal et al. 2009. In a one generation 
reproduction feeding study, they showed that HBCD-induced loss in hearing function was paralleled by changes in 
dopamine dependent behaviour (Lilienthal et al. 2009). Loss of hearing function was attributed to a cochlear effect of 
HBCD that resulted in increased thresholds and moderate prolongations of latencies in the lower frequency range from 
0.5 to 2 kHz and after clicks. Both observed effects were dose-dependent with lower bounds of bench mark doses 
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(BMDL) between ≤1 and 10 mg/ kg bw. Saegusa et al. (2009) on the other hand detected weak hypothyroidism with 
increases in thyroid weight, thyroid follicular cell hypertrophy and serum TSH concentrations as well as a decrease in 
serum T3 levels in rat off-spring exposed to 10,000 ppm HBCD in a soy-free diet from gestation day 10 to day 20 after 
delivery. The TH changes were accompanied by a reduced density of CNPase-positive oligodentrocytes, which is 
indicative of impaired oligodendroglial development. Increased thyroid weights and decreased serum T3 concentrations 
were also observed in the adult stage from 1,000 ppm. Though the above data suggest that HBCD induced disturbances 
in TH-signalling is linked to effects on the nervous system in rodents, changes in behaviour and cognition may also be 
impacted by a decrease in apolar retinoids as observed in female rat livers following HBCD exposure (van der Ven et 
al. 2006, van der Ven et al. 2009). Moreover, the interferences of HBCD with sex-steroid hormones and their receptors 
should not be neglected as these hormones also exert non-genomic effects on brain functions such as learning and 
memory, fine motor control, pain perception and mood (Boulware and Mermelstein 2005, Chakraborti et al. 2007, 
Meaney et al. 1983, Schantz and Widholm 2001).  

100. There are several studies on reproductive effects of HBCD. Saegusa et al (2009) performed a one-generation 
developmental toxicity study in rats, with maternal dietary exposure to 0, 100, 1,000 or 10,000 ppm HBCD from 
gestation day 10 until weaning of the offspring. In this study thyroid effects were observed both in dams (thyroid 
weight increase and follicular cell hypertrophy at 10,000 ppm) and offspring (thyroid weight increase, decreased serum 
T3 and increased serum TSH at 1,000 and 10,000 ppm). The thyroid effects together with the impaired oligodendroglial 
development in the brain cortex (statistically significant at the high dose (-24%) supported by a dose-dependent trend in 
the mid (-12%) and low (-8%) dose groups) and the decreased female body weight (9% in the high dose group) could 
indicate developmental hypothyroidism. The LOAEL of this study is 1,000 ppm (81-213 mg/kg/day), and the NOAEL 
100 ppm (8-21 mg/kg/day). The long continuous exposure study of van der Ven et al. (2009) suggest that male 
reproductive organs are particularly sensitive to HBCD exposure i.e. a decreased testicular weight was observed at a 
BMDL of 52 µg/ g bw in F1 males. A weight reduction in other male organs; prostate, the adrenals, heart and brain as 
well as in F1 males' total weight was also observed. The observed body weight loss makes it impossible to say whether 
any of these effects on organs’ weights are specific or secondary to the general body weight loss. In females the 
cytochrome P450 19 enzyme activity, based on group averages, showed a correlation to the internal concentration of γ-
HBCD (linear correlation coefficient of 0.90). The cytochrome P450 19 enzyme converts androgens to estrogens 
(Norris 2006), and is essential for differentiation and development of gonads and brains of higher vertebrates, 
maintenance of reproductive tissues, and sexual behavior (Conley and Hinshelwood, 2001, Simpson et al. 2002). In 
females the time to vaginal opening was also delayed, but only at the top dose (BMDL 82.2 µg/ g bw at a benchmark 
critical effect (BMR) of 10%). 

101. Like the studies of van der Ven et al. (2009) and Saegusa et al. 2009, Ema et al. (2008) document reproductive 
and developmental effects (decreased pup viability, fewer primordial follicles), and also changes in organ weights (e.g. 
liver and thyroid), and thyroid hormone levels. Several effects were trans-generational and affected both F0 parents and 
F1 and F2 parents and offspring. From the point of view of reproductive toxicology, the general decrease in viability in 
F2 pups on post-natal days 4 and 21 at 1,500 and 15,000 ppm and the decrease in primordial follicles at 1,500 and 
15,000 ppm HBCD exposure in F1 females were the most severe effects. A reduced number of primordial follicles 
suggests that reproductive potential of the female may be reduced, and is generally regarded as sensitive biomarkers for 
adverse reproductive effects (Parker et al. 2006). It should be noted however that the highest dose used by Ema et al. 
(2008) may be considered to be very high. However, dosing was in this study done by mixing HBCD particles into an 
appropriate amount of powdered basal diet for each dietary concentration. The absorption kinetics of HBCD likely 
depends on both the particle size and amount of particles administered, and is expected to be lower than for dissolved 
HBCD. The actual tissue doses from this study are therefore presumably lower than the original dose would suggest, as 
may also be assumed from the findings of similar studies such as that of WIL 2001 who only observed reversible 
effects at doses up to 1,000 mg/kg bw/day in their 90-day oral exposure study.  

2.4.5 Human toxicity  
102. The EU risk assessment of HBCD completed in 2008 provides the most comprehensive assessment of toxic 
effects and risks of HBCD exposure to human health and welfare (European Commission 2008). This assessment 
concludes that HBCD may cause reproductive toxicity and long term toxicity, whereas there is no concern for acute 
toxicity, irritation, sensitization, mutagenicity and carcinogenicity. It moreover states that HBCD poses no risk to adult 
consumers or to workers when standard industrial hygiene measures are applied (current EU practice). These 
conclusions are founded on an extensive list of toxicity studies and on a comprehensive selection of exposure and risk 
assessments that consider not only workers and adult consumers, but also indirect exposure of humans via the 
environment (European Commission 2008). The EU risk assessment documents that currently in the general (human) 
population, HBCD tissue concentrations are much below those reported to induce adverse effects in other mammals 
(European Commission 2008). 

103. In the EU, the proposal to classify and label HBCD for reproductive and developmental toxicity is currently 
under discussion. The substance is suspected of damaging fertility and the unborn child (CLP: Repr 2; H361fd), and the 
substance may cause harm to breast-fed children (CLP: Lact. Effects H362) (KEMI 2009). 
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2.4.6 Comparison of exposure levels and effect data 
Near point sources and source regions 

104. A comparison of measured concentrations in the tissues and organs of species of prey (fish) with the predicted 
no-effect concentration (PNEC) for secondary poisoning reveals that the concentrations in fish exceed the PNEC of 5 
mg HBCD/ kg food for predators (mammals and birds) both near local point-sources and source regions. In the vicinity 
of point sources such as the river Skerne in the UK and the river Scheldt basin in Belgium, HBCD concentrations above 
5 mg/kg wwt have been measured in fish (eel and brown trout). Also in marine mammals, concentrations higher than 
the PNEC have been measured, the highest being 6.4 mg/kg wwt whole body weight in harbour porpoise from the UK 
(European Commission 2008). The potential risk of HBCD to wild life near local point-sources and source regions is 
further supported by the body/tissue residue based risk assessment made by EBFRIP (2009b). Notably the upper third 
of the monitoring data used in the assessment exceeds the specific-toxicity residue-based PNEC for freshwater fish and 
for mammals. The upper limit of the monitoring data for birds also enters this range.  

105. Further indications for concern come from recent preliminary data obtained with captive American kestrels 
which suggest a risk for reproductive and developmental effects in source regions. The findings from Marteinson et al. 
(Dioxin 200910c) and Fernie et al. (Dioxin 2010cb) suggest that there is reason for concern of reproductive and 
developmental effects in wild birds, not only because of the seasonal changes in fat stores experienced by wild birds 
and the observed transfer to eggs, but also because the 800 ng/g ww dose and the subsequent in ovo HBCD 
concentrations that elicited effects in these studies are similar to what has previously been observed in wild birds in 
Central Europe, i.e., cormorant liver, 138-1,320 ng/g lw; and, tern eggs, 330-7100 ng/g lw (Morris et al. 2004). In the 
study, administration of 800 ng/g ww of technical HBCD formulation in safflower oil for 21 days followed by a 25 day 
depuration period, resulted in environmentally relevant internal doses, i.e., ∑ HBCD, 934.8 ng/g lw (20 ng/g ww) in 
liver; and, 4216.2 ng/g lw (181. 5 ng/g ww) in eggs (with the level of α-HBCD being 164 ng/g ww in eggs) (BFR 
2009b; SETAC 2009). 

Remote regions 

106. HBCD has been detected in many Arctic species (invertebrates, birds, fish, terrestrial and marine mammals). 
Levels in Polar cod from Svalbard (Arctic Norway) have been reported at 1.38-2.87 ng/g lipid weight (see levels and 
effects tables in UNEP/POPS/POPRC.6/INF/25). The findings of HBCD in fish in remote regions suggest a potential 
for endocrine effects considering the laboratory studies done by Lower and More (2007), Palace et al. (2008 and 2010) 
showing effect on the thyroid axis for salmoid fish. Endocrine disruptor effects may arise from low dose exposure and 
are highly dependent on the timing of exposure (WHO and IPCS, 2002). The study on American kestrels (BFR 2009b; 
Dioxin 2010c) also suggests a risk for reproductive and developmental effects in wild birds in remote regions, where 
the internal doses (164 ng/g ww of α-HBCD) that elicited effects in the studies by Marteinson and Fernie (BFR 2009b) 
is exceeded by internal doses observed in wild birds in the Norwegian Arctic, i.e. glaucous gulls (liver), 195-15,027 
ng/g lw; and, great black- backed gulls (liver), 1,881 - 3,699 ng/g lw (KLIF 2007); glaucous gulls (liver): 75.6 ng/g ww 
(Verreault et al. 2007).  Muir et al. (2004) detected ΣHBCD concentrations in the blubber of beluga whales 
(Delphinapterus leucas) in the Canadian Arctic in 2001, a species protected by the Convention on migratory species. 
The concentrations were in the range of 9.8-18 ng/g lw. Muir et al. (2006) detected levels of HBCD in adipose tissue of 
polar bears (Ursus maritimus) in several populations in the Arctic region in 2002. The highest levels were detected in 
the female bears from the Svalbard area (109 ng/g lw Effects on polar bears and other marine mammals were not 
investigated in these studies. 

Human health 

107. Regarding the risk associated with human exposure to HBCD, it is important to note that the environmental 
background levels of HBCD have increased over the last decades (Law et al. 2008b, Law et al. 2006d), and that HBCD 
is found in most human tissues, including serum and blood of pregnant women as well as in mothers’ milk (e.g. 
European Commission 2008; NCM 2008; ECHA 2008b). The increasing environmental levels are also mirrored in 
mothers’ milk (Fängstrøm et al. 2008; Kakimoto et al. 2008) and in some instances the reported levels in human milk 
have been quite high (Eljarrat et al. 2009; Guerra et al. 2008). As demonstrated by its presence in cord serum and 
mothers’ milk, HBCD is transferred from mothers to their children (Meijer et al. 2008; European Commission 2008). 
Young children may additionally ingest more HBCD via their environment than adults (Abdallah et al. 2008b) and 
generally have a higher intake of HBCD than adults (Roosens et al. 2010). Prenatal exposure to HBCD may lead to 
subtle behavioural changes in rodents, particularly motor activity and cognition are affected (Eriksson et al. 2006). No 
negative effects of this sort have been confirmed in humans (Roze et al. 2009). Early phases of human development are 
tightly controlled by hormones and intracellular signalling processes such as apoptosis, of which the latter is necessary 
for normal embryonic- and tissue differentiation (Oppenheim, 1991; Davies 2003; Barres et al. 1992). Thus, the 
developmental- and neurotoxic potential of HBCD observed in animal studies give cause for concern, particularly for 
unborn babies and young children. 
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3 Synthesis of information  

108. HBCD is persistent in the environment and has a strong potential to bioaccumulate and biomagnify in food 
chains. α-HBCD appears to be the more persistent of the isomers of HBCD and to biomagnify more than β-HBCD and 
γ-HBCD. HBCD is widespread in the global environment and biota; elevated levels are found in top predators and other 
threatened species in the Arctic. Releases of HBCD to the environment are increasing in all regions investigated. The 
increasing standing masses of construction materials are potentially long-term sources of HBCD to the environment, as 
well as representing larger releases when demolished or renovated in the future. Releases during recycling of 
construction materials and electronic appliances can be of importance and are likely to increase in the future. A general 
trend seems to be that α-HBCD dominates in the upper trophic levels while the main isomer in the lower levels appears 
to be γ-HBCD. In human tissue α-HBCD seems to predominate in the general population. Most toxicological studies 
with HBCD focus on HBCD mixtures and the available data on stereoisomer specific toxicity is very limited.  

109. HBCD is considered very toxic to aquatic organisms. There is a risk of adverse effects in marine mammals and 
fish in the vicinity of point sources and in regions with elevated background levels. The measured concentration levels 
in biota exceed the PNEC for secondary effects of 5 mg/kg wwt in the EU risk assessment of HBCD (European 
Commission 2008). Levels in birds from European regions with elevated back ground levels or near local point sources 
are concluded to lie near the threshold levels for adverse effects. In avian species, preliminary data from recent studies 
report effects such as reduced eggshell thickness, growth and survival. Further indications for concern come from 
recent preliminary data obtained with captive American kestrels which suggest a risk for reproductive and 
developmental effects also in wild birds in remote regions. 

110. Both older and recent available literature suggest that HBCD can induce effects in mammals and that both 
chronic and subchronic, high and low dose exposure to HBCD may have wide ranging and potentially severe effects, 
particularly to the neuroendocrine system and to offspring during early phases of development. HBCD has a potential 
to interfere with the hypothalamic-pituitary-thyroid (HPT) axis and cause reproductive and developmental effects. 
Many effects were trans-generational and affected both parents and offspring. HBCD is maternally transferred to 
offspring, both in humans and in wildlife. Significant levels of HBCD in human milk and exposure through food has 
been reported near local sources. In humans the main risks of HBCD exposure are possible neuroendocrine and 
developmental disturbances from exposure during the early developmental phases of the child. Within the EU, a 
proposal to classify HBCD for reproductive and developmental toxicity is under discussion.  

111. In addition to the findings in the in vivo animal studies, there are a large number of recent in vitro studies that 
document how HBCD upon adsorption may act on, and possibly interfere with biological processes such as cell 
homeostasis, protein repair, metabolism, intracellular signalling and neuroendocrine processes. Such studies add to the 
understanding that exposure to HBCD has various effects on human health and the environment, and should also be 
regarded when considering the toxicity of HBCD.   

Table 5. POP characteristics of HBCD 

Criterion 

Meets the 
criterion 

(Yes/No) 

Remark 

Persistence Yes 

Dated sediment cores indicate very slow degradation rates of HBCD.  
HBCD is found to be widespread in the global environment, with high levels in Arctic 
top predators. Temporally increasing concentrations found in biota support the picture of 
HBCD as a persistent substance. 
The half-life of HBCD in water exceeds 60 days.  

Bio-
accumulation Yes 

Found in elevated concentrations in top predators. 

Log Kow is estimated to 5.62.  

Fish studies document a BCF of 18,100 (Wildlife International 2000, Veith et al. 1979) 
(European Commission 2008). 

BMFs > 1 in aquatic ecosystems (Tomy et al 2004a,b, 2009, Sørmo et al. 2006)  

Potential for 
Long-Range 
Environmental 
Transport 

Yes 
HBCD is found in the Arctic air and is widespread in the Arctic environment. 

Modelling data show an estimated atmospheric half-life of two to three days. 
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Criterion 

Meets the 
criterion 

(Yes/No) 

Remark 

Adverse 
effects Yes 

 
Highly toxic for aquatic species with a 72h EC50 of 52 µg/l for Skeletonema costatum and 
a NOEC of 3.1 µg/l for Daphnia magna.  
 
HBCD exerts reproductive, developmental and neurotoxic effects in mammals and birds 
with a NOEC/NOAEL in the order of 1 mg/kg/day. In vivo data include:  

• Decreased pup survival and fewer primordial follicles in rats at 100 mg/kg/day, 
NOAEL 10 mg/kg/day (Ema et al. 2008).  

• Decreased pup weight, decreased testis and prostrate weights, impaired hearing, 
and reduction in female bone mineral density in rat offspring at 30-100 mg/kg/day 
(van der Ven et al. 2009, Lillienthal et al. 2009).  

• TH imbalance and impaired oligodendroglial development in the brain cortex of 
rat offspring at 1,000 ppm (81-213 mg/kg/day), NOAEL 8-21 mg/kg/day 
(Saegusa et al. 2009).  

• Behavioural effects in mice exposed to 13.5 mg/kg/day at day 10, NOAEL 0.9 
mg/kg/day (Eriksson et al. 2006). 

• Bird egg/chick survival was decreased in quails exposed via the feed to 15 ppm 
HBCD (2.1 mg/kg/day), NOEC 5 ppm (0.7 mg/kg/day) (Ministry of the 
Environment, Japan, 2009). 

• Differences in courtship behaviour, earlier egg-laying, and a slower growth rate 
were observed in American kestrels exposed daily to 800 ng/g HBCD, internal 
dose of 164 ng/g ww α-HBCD (Dioxin 2010b and Dioxin 2010c). 

 

4 Concluding statement  

112. HBCD is a synthetic substance with no known natural occurrence that continues to be used in many countries 
including in imported articles and products. Releases of HBCD to the environment are increasing in all regions 
investigated, i.e., Europe and in Asia (Japan). HBCD is persistent in the environment and bioaccumulates and 
biomagnifies in fish, birds and mammals. A number of measured levels in biota, including higher trophic levels such as 
birds and mammals, in source and remote regions are of significant concern for human health and the 
environment.Therefore it is concluded that HBCD is likely, as a result of its long-range environmental transport, to lead 
to significant adverse human health and environmental effects, such that global action is warranted. 

 



UNEP/POPS/POPRC.6/13/Add.2 
 

 27

References 

Abdallah MA, Harrad S. Personal exposure to HBCDs and its degradation products via ingestion of indoor dust. 
Environ Int. 2009;35(6):870-6.  

Abdallah MA, Harrad S, Covaci A. Hexabromocyclododecanes and tetrabromobisphenol- A in indoor air and dust in 
Birmingham, U.K: implications for human exposure. Environ Sci Technol. 2008a;42(18):6855-61.  

Abdallah Mohamed AE, Harrad S, Ibarra C, Diamond M, Melymuk L, Robson M, Covaci A. 
Hexabromocyclododecanes in indoor dust from Canada, the United Kingdom, and the United States. Environ Sci 
Technol. 2008b;42(2):459-64 

ACCBFRIP (American Chemistry Council Brominated Flame Retardant Industry Panel). HPV data summary and test 
plan for the hexabromocyclododecane (HBCD) CAS no. 3194556. Arlington, VA, USA. Report 2001, 23 pp. 

Albemarle Corporation. 1994; Baton Rouge, L.A. USA. As cited in: European Commission, 2008 

Albemarle Corporation. 2000. Saytex 9006L Flame Retardant. Baton Rouge. Lousiana: Albemarle Corporation. 2 pp. 

Allchin CR, Morris S. Hexabromocyclododecane (HBCD) diastereoisomers and brominated diphenyl ether congener 
(BDE) residues in edible fish from the rivers Skerne and Tees, U.K. Organohalogen Compd. 2003, 61, 41-44. 

Antignac JP, Cariou R, Maume D, Marchand P, Monteau F, Zalko D, Berrebi A, Cravedi JP, Andre F, Le Bizec B. 
Exposure assessment of fetus and newborn to brominated flame retardants in France: preliminary data. Mol Nutr Food 
Res. 2008;52(2):258-65.  

AOPWIN. Atmospheric Oxidation Program for Windows Estimation Model, Version 1.92. Washington (DC): U.S. 
Environmental Protection Agency, Office of Pollution Prevention and Toxics; Syracuse (NY): Syracuse Research 
Corporation. 2000. Available from: www.epa.gov/oppt/exposure/pubs/episuite.htm 
AMAP (Arctic Monitoring and Assessment Programme). Arctic Pollution 2009. Report. 83pp. 

ABC (ABC Laboratories, Inc).Effect of hexabromocyclododecane on the survival and reproduction of the earthworm, 
Eisenia fetida. ABC study No. 47222, ABC Laboratories, Inc. and Wildlife International Ltd, Columbia, Missouri and 
Easton, Maryland, USA, 2003. Authors: Aufderheide J, Jones A, MacGregor JA and Nixon WB. 94 pp.  

Backus S, Batchelor M, Alaee M, Ueno D, and HewittLM. Isomer-specific determination of hexabromocyclododecane 
in abiotic and biotic samples by high performance liquid chromatography/atmospheric pressure photoionization tandem 
mass spectrometry. Organohalogen Compd 2005;240-243. 

Bahm, K and Khailil, MAK. (A new model of tropospheric hydroxyl radical concentrations. Chemosphere 2004;54: 
143-166. 

Barres BA, Hart IK, Coles HS, Burne JF, Voyvodic JT, Richardson WD, Raff MC. Cell death and control of cell 
survival in the oligodendrocyte lineage. Cell. 1992;70(1):31-46.  

Bergander L., Kierkegaard A., SellströmU, WideqvistU, and de Wit, C. Are brominated flame retardants present in 
ambient air? Conference Proceeding, 6th Nordic Symposium of Organic Pollutants. 17-9-1995. [ 

BFR 2009a, Mattioli L, Fernie KJ, Bird D, Ritchie IJ, Shutt LJ, Letcher RJ. Hexabromocyclododecane (HBCD) 
isomers in American kestrels (Flaco sparverius) exposed via the diet to a technical HBCD formulation; Uptake, 
depuration and bioisomerization. Poster presentation. 11th Annual Workshop on Brominated Flame Retardants (BFR 
2009), Ottawa, Canada, 2009.  

BFR 2009b, Marteinson SC, Bird DM, Letcher R, Shutt L, Fernie K. Behavioural and reproductive changes in 
American kestrels (Falco sparverius) exposed to technical hexabromocyclododecane (HBCD) at environmentally 
relevant concentrations. Oral presentation. 11th Annual Workshop on Brominated Flame Retardants (BFR 2009), 
Ottawa, Canada, 2009. 

BIOWIN Biodegradation Probability Program for Windows. Estimation Model, Version 4.02. Washington (DC): US 
Environmental Protection Agency, Office of Pollution Prevention and Toxics; Syracuse (NY): Syracuse Research 
Corporation. 2000.Available from: www.epa.gov/oppt/exposure/pubs/episuite.htm 

de Boer J, Leslie HA, Leonards PEG, Bersuder P, Morris S, Allchin CR. 2004. Screening and time trend study of 
decabromodiphenylether and hexabromocyclododecane in birds. Abstract. The Third International Workshop on 
Brominated Flame Retardants, June 6-9, Toronto, Canada. pp. 125-128. 

Bogdal C, Schmid P, Kohler M, Müller CE, Iozza S, Bucheli TD, Scheringer M, Hungerbühler K. Sediment record and 
atmospheric deposition of brominated flame retardants and organochlorine compounds in Lake Thun, Switzerland: 
lessons from the past and evaluation of the present. Environ Sci Technol. 2008;42(18):6817-22.  



UNEP/POPS/POPRC.6/13/Add.2 
 

 28 

Boulware MI, Mermelstein PG. The influence of estradiol on nervous system function. Drug News Perspect. 
2005;18(10):631-7. Polychlorinated dibenzo-p-dioxins, and -furans, dioxin-like polychlorinated biphenyls, brominated 
flame retardants, perfluorinated alkyl substances, pesticides, and other compounds. J Environ Monit. 2007;9(5):465-72. 
DOI: 10.1039/b617103f 

Brändli RC, Kupper T, Bucheli TD, Zennegg M, Huber S, Ortelli D, Müller J, Schaffner C, Iozza S, Schmid P, Berger 
U, Edder P, Oehme M, Stadelmann FX, Tarradellas J. Organic pollutants in compost and digestate. Part 2. 
Polychlorinated dibenzo-p-dioxins, and -furans, dioxin-like polychlorinated biphenyls, brominated flame retardants, 
perfluorinated alkyl substances, pesticides, and other compounds. J Environ Monit. 2007;9(5):465-72. DOI: 
10.1039/b617103f. 

Brandsma SH, Van der Ven LT, de Boer J, Leonards PE. Identification of hydroxylated metabolites of 
hexabromocyclododecane in wildlife and 28-days exposed Wistar rats. Environ Sci Technol. 2009;43(15):6058-63.  

Brown TN, Wania F. 2008. Screening chemicals for the potential to be persistent organic pollutants: A case study of 
Arctic contaminants. Environ Sci Technol 42(14): 5202-5209. 

BSEF (Bromine Science and Environmental Forum). Assessing the long-range transport potential of 
tetrabromobisphenol A and hexabromocyclododecane usingseveral multimedia transport models. A report to BSEF by 
WECC, Wania Environmental Chemists Corp. 2003. Author: Wania F. pp 13 pp. 

BSEF (Bromine Science and Environmental Forum). About Hexabromocyclododecane (HBCD). 2006. 
http://www.bsef.com/our-substances/hbcd/about-hbcd/ (accessed January 2008). 

BSEF (Bromine Science and Environmental Forum). About Hexabromocyclododecane (HBCD). 2010. 
http://www.bsef.com/our-substances/hbcd/about-hbcd/ (accessed June 2010). 

Chakraborti A, Gulati K, Ray A. Estrogen actions on brain and behavior: recent insights and future challenges. Rev 
Neurosci. 2007;18(5):395-416.  

Chemicals Inspection and Testing Institute, Final Report - Bioconcentration Study of Hexabromocyclododecane in 
Carp Conducted with 1,2,5,6,9,10-Hexabromocyclododecane, (1995) 
http://www.meti.go.jp/policy/chemical_management/english/files/Bioconcentration_study_HBCD.pdf (accessed on 11 
March 2010). 

Chemicals Inspection and Testing Institute, Final Report - Biodegradation Study of Hexabromocyclododecane 
Conducted with 1,2,5,6,9,10-Hexabromocyclododecane, (1990) 
http://www.meti.go.jp/policy/chemical_management/english/files/Biodegradation_study_of_HBCD.pdf (accessed on 
11 March 2010). 

Colles A, Koppen G, Hanot V, Nelen V, Dewolf MC, Noël E, Malisch R, Kotz A, Kypke K, Biot P, Vinkx C, Schoeters 
G. Fourth WHO-coordinated survey of human milk for persistent organic pollutants (POPs): Belgian results. 
Chemosphere. 2008;73(6):907-14.  

Conley A, Hinshelwood M. Mammalian aromatases. Reproduction 2001;121:685–695.  

Covaci A, Roosens L, Dirtu AC, Waegeneers N, Van Overmeire I, Neels H, Goeyens L. Brominated flame retardants in 
Belgian home-produced eggs: levels and contamination sources. Sci Total Environ. 2009; 407(15):4387-96. 

Covaci A, Gerecke AC, Law RJ, Voorspoels S, Kohler M, Heeb NV, Leslie H, Allchin CR, de Boer J. 
Hexabromocyclododecanes (HBCDs) in the environment and humans: a review. Environ Sci Technol. 2006; 
40(12):3679-88.  

Crump D, Egloff C, Chiu S, Letcher RJ, Chu S, Kennedy SW. Pipping success, isomer-specific accumulation, and 
hepatic mRNA expression in chicken embryos exposed to HBCD. Toxicol Sci. 2010;115(2):492-500 

Crump D, Chiu S, Egloff C, Kennedy SW. Effects of hexabromocyclododecane and polybrominated diphenyl ethers on 
mRNA expression in chicken (Gallus domesticus) hepatocytes. Toxicol Sci. 2008;106(2):479-87.  

Davis JW, Gonsior S, Markham DA, Friederich U, Hunziker RW, Ariano J. Biodegradation and product identifiaction 
of [14C]hexabromocyclododecane in wastewater sludge and freshwater aquatic sediment. Environ Sci Technol 2006a; 
40: 5395-5401. 

Davis JW. The aerobic biodegradability of trans, trans, trans-1,5,9-[14C]Cyclododecatriene in a modified ready 
biodegradation test. 2006b. [No other publication information available].  

Davis JW, Gonsior SJ, Marty G, Ariano JM. The transformation of hexabromocyclododecane in aerobic and anaerobic 
soils and aquatic sediments. Water Research 2005;39: 1075-1084. 



UNEP/POPS/POPRC.6/13/Add.2 
 

 29

Davies AM. Regulation of neuronal survival and death by extracellular signals during development. EMBO J. 2003 
2;22(11):2537-45.  

Deng J, Yu L, Liu C, Yu K, Shi X, Yeung LW, Lam PK, Wu RS, Zhou B. Hexabromocyclododecane-induced 
developmental toxicity and apoptosis in zebrafish embryos. Aquat Toxicol. 2009;93(1):29-36.  

Desjardins D, MacGregor JA and Krueger HO. Hexabromocyclododecane (HBCD): A 72-hour toxicity test with the 
marine diatom (Skeletonema costatum), Final report. Wildlife Internation, Ltd., Easton, Maryland, USA. 2004; 66 pp.  

Dingemans MM, Heusinkveld HJ, de Groot A, Bergman A, van den Berg M, Westerink RH. Hexabromocyclododecane 
inhibits depolarization-induced increase in intracellular calcium levels and neurotransmitter release in PC12 cells. 
Toxicol Sci. 2009;107(2):490-7.  

Dioxin 2010a, Esslinger S, Becker R, Jung C, Schröter-Kermani C, Nehls I. Time courses of HBCD levels and 
enantiomeric signatures in Herring gull eggs from the German coast. Dioxin 2010, San Antonio, Texas, U.S.A.   

Dioxin 2010b, Fernie KJ, Marteinson SC, Bird DM, Ritchie IJ, Letcher RJ. Changes in reproduction and behavior of 
American kestrels (Falco sparverius) associated with exposure to environmentally relevant concentrations of technical 
HBCD. Dioxin 2010, September 2010, San Antonio, Texas, U.S.A.   

Dioxin 2010c, Marteinson SC, Kimmins S, Letcher RJ, Bird DM, Ritchie IJ, Fernie KJ. Evidence of endocrine 
disruption and testicular changes in male American kestrels (Falco sparverius) exposed to technical HBCD. Dioxin 
2010, San Antonio, Texas, U.S.A.  

DOW (The Dow Chemical Company). Investigation of the biodegradation of 14C , sediment andsoil. Toxicology and 
Enviornmental Research and Consulting, The Dow Chemical Company, Midland, Michigan, USA. 2004. Authors: 
Davis JW, Gonsior SJ, Markham DA,Marty GT. 113 pp. 

Driffield M, Harmer N, Bradley E, Fernandes AR, Rose M, Mortimer D, Dicks P. Determination of brominated flame 
retardants in food by LC-MS/MS: diastereoisomer-specific hexabromocyclododecane and tetrabromobisphenol A. Food 
Addit Contam Part A Chem Anal Control Expo Risk Assess. 2008;25(7):895-903. 

EBFRIP (European Brominated Flame Retardant Industry Panel). A Survey of HBCD Potential Emissions in Europe 
2008-2009. Fact sheet, 2009a. 

EBFRIP (European Brominated Flame Retardant Industry Panel). An evaluation of hexabromocyclododecane (HBCD) 
for Persistent Organic Pollutant (POP) properties and the potential for adverse effects in the environment. Report 
submitted to EBFRIP. Authors: Arnot J, McCarty L, Armitage J, Toose-Reid L, Wania F, Cousins I. 2009b, 214 pp. 

EBFRIP (European Brominated Flame Retardant Industry Panel). HBCD in polystyrene foams: product safety 
assessment. PlasticsEurope, EXIBA, EBFRIP. Confidential industry report. 2009c. 

ECHA (European Chemicals Agency). Data on manufacture, import, export, uses and releases of HBCDD as well as 
information on potential alternatives to its use. 2008a,108 pp 

ECHA (European Chemicals Agency). Member state committee support document for identification of 
hexabromocyclododecane and all major diastereoisomers as a substance of very high concern. 2008b, 43 pp. Available 
at: http://echa.europa.eu/chem_data/authorisation_process/candidate_list_table_en.asp 
ECT. Hexabromocyclododecane (HBCD): Effects on soil microorganisms. ECT study number: AU1BB. 2007. Author: 
Förster B. 20 pp 

Eljarrat E, Guerra P, Martínez E, Farré M, Alvarez JG, López-Teijón M, Barceló D. Hexabromocyclododecane in 
human breast milk: levels and enantiomeric patterns. Environ Sci Technol. 2009 ;43(6):1940-6.  

Ema M, Fujii S, Hirata-Koizumi M, Matsumoto M. Two-generation reproductive toxicity study of the flame retardant 
hexabromocyclododecane in rats. Reprod Toxicol. 2008;25(3):335-51.  

EMEP. EMEP contribution to the preparatory work for the review of the CLRTAP protocol on persistend organic 
pollutants. New substances: Model assessment of potential for long-range transboundary atmospheric transport and 
persistence of Hexabromocyclododecane (HBCDD). EMEP MSC-E Information Note 4/2009. Authors: Vulykh N, 
Rozovskaya O, Shatalov V. 

Environment Canada. Data collected pursuant to Section 71 of the Canadian Environmental Protection Act, 1999 and in 
accordance with the published notice “Notice with Respect to Certain Substances on the Domestic Substances List 
(DSL), Canada Gazette, Vol. 135 #46”. 2001. 21 pp. 

Eriksson P, Fisher C, Wallin M, Jakobsson E and Fredriksson A. Impaired behaviour, learning and memory, in adult 
mice neonatally exposed to hexabromocyclododecane (HBCDD). Environ Toxicol Pharmacol 2006; 21: (3): 317-322.  



UNEP/POPS/POPRC.6/13/Add.2 
 

 30 

European Commission. Risk assessment hexabromocyclododecane, CAS-No.: 25637-99-4, EINECSNo.: 247-148-4, 
Final Report May 2008. 492 pp. 

Fery Y, Buschauer I, Salzig C, Lang P, Schrenk D. Technical pentabromodiphenyl ether and hexabromocyclododecane 
as activators of the pregnane-X-receptor (PXR). Toxicology. 2009;264(1-2):45-51.  

Forrest D., Reh TA, Rüsch A. Neurodevelopmental control by thyroid hormone receptors. Curr Opi. Neurobiol. 2002, 
12, 49-56 

Fängström B, Athanassiadis I, Odsjö T, Norén K, Bergman A. Temporal trends of polybrominated diphenyl ethers and 
hexabromocyclododecane in milk from Stockholm mothers, 1980-2004. Mol Nutr Food Res. 2008;52(2):187-93. 

Gerecke AC, Giger W, Hartmann PC, Heeb NV, Kohler HP, Schmid P, Zennegg M, Kohler M. Anaerobic degradation 
of brominated flame retardants in sewage sludge. Chemosphere. 2006;64(2):311-7.  

Goosey E, Abdallah M, Harrad S. Dust from Primary School and Nursery Classrooms in the UK: Its Significance as a 
Pathway of Exposure for Young Children to PFOS, PFOA, HBCDs and TBBP-A. Organohalogen Compd. 2008; 70: 
855-858. 

Gouin T, Harner T. Modelling the environmental fate of the polybrominated diphenyl ethers. Environ Int. 
2003;29(6):717-24.  

Great Lakes Chemical Corporation. Material Safety Data Sheet. Great Lakes CD-75-P, CD-75PM and CD-75PC. West 
Lafayette, Indiana: Great Lakes Chemical Corporation. MSDS Number: 00177. Effective Date: 10/14/2005. 2005, 7 pp. 

Great Lakes Chemical Corporation. 1994; West Lafayette, IN. USA. As cited in: European Commission, 2008 

Guerra P, Martínez E, Farré M, Eljarrat E, Barceló D. Hexabromocyclododecane in human breast milk: Levels and 
enantiomeric patterns. Organohalogen Compd. 2008a, 70, 000309- 000312. 

Hamers T, Kamstra JH, Sonneveld E, Murk AJ, Kester MH, Andersson PL, Legler J,Brouwer A. In vitro profiling of 
the endocrine-disrupting potency of brominated flame retardants. Toxicol Sci. 2006;92(1):157-73.  

Harrad S, Abdallah MA, Covaci A. Causes of variability in concentrations and diastereomer patterns of 
hexabromocyclododecanes in indoor dust. Environ Int. 2009;35(3):573-9.  

Harrad S, Goosey E, Desborough J, Abdallah MA, Roosens L, Covaci A. Dust from  U.K. primary school classrooms 
and daycare centers: the significance of dust as a pathway of exposure of young U.K. children to brominated flame 
retardants and polychlorinated biphenyls. Environ Sci Technol. 2010a;44(11):4198-202. 

Harrad S, de Wit CA, Abdallah MA, Bergh C, Björklund JA, Covaci A, Darnerud PO, de Boer J, Diamond M, Huber S, 
Leonards P, Mandalakis M, Ostman C, Haug LS, Thomsen C, Webster TF. Indoor contamination with 
hexabromocyclododecanes, polybrominated diphenyl ethers, and perfluoroalkyl compounds: an important exposure 
pathway for people? Environ Sci Technol. 2010b; 44(9):3221-31. 

Haukås, M, Mariussen, E, Ruus, A, and Tollefsen, KE. Accumulation and disposition of hexabromocyclododecane 
(HBCD) in juvenile rainbow trout (Oncorhynchus mykiss). Aquatic Toxicology 2009; 95: 144-151. 

Hayward S, Lei Y and Wania F. Comparative evaluation of three high-performance liquid chromatography-based Kow 
estimation methods for highly hydrophobic organic compounds: polybrominated diphenyl ethers and 
hexabromocyclododecane. Environ Toxicol Chem 2006; 25: (8): 2018-2027. 

Heeb NV, Schweizer WB, Mattrel P, Haag R, Kohler M, Schmid P, Zennegg M, Wolfensberger M. Regio- and 
stereoselective isomerization of hexabromocyclododecanes (HBCDs): kinetics and mechanism of beta-
HBCDracemization. Chemosphere. 2008;71(8):1547-56.  

Heeb NV, Schweizer WB, Kohler M and Gerecke AC. Structure elucidation of hexabromocyclododecanes - a class of 
compounds with a complex stereochemistry. Chemosphere 2005; 61: 65-73.  

Helgason LB, Polder A, Føreid S, Baek K, Lie E, Gabrielsen GW, Barrett RT, Skaare JU. Levels and temporal trends 
(1983-2003) of polybrominated diphenyl ethers and hexabromocyclododecanes in seabird eggs from north Norway. 
Environ Toxicol Chem. 2009; 28(5):1096-103.  

Hiebl J and Vetter W. (2007) Detection of hexabromocyclododecane and its metabolite pentabromocyclododecane in 
chicken egg and fish from the official food control. Journal of Agricultural and Food Chemistry 2007; 55: 3319-3324. 

Hoh E, Hites RA. 2005. Brominated flame retardants in the atmosphere of the east-central United States. Environ Sci 
Technol 2005; 39(20): 7794-7802. 

Hu J, Liang Y, Chen M, Wang X. Assessing the toxicity of TBBPA and HBCD by zebrafish embryo toxicity assay and 
biomarker analysis. Environ Toxicol. 2009;24(4):334-42.  



UNEP/POPS/POPRC.6/13/Add.2 
 

 31

[Fraunhofer] 2010, Ruedel H, Mueller J, Ricking M, Quack M, Klein R. Environmental monitoring of HBCD in 
Europe. Fraunhofer IME, Germany. 

INE-SEMARNAT (Instituto Nacional de Ecología, Secretaría de Medio Ambiente y Recursos Naturales). Las 
sustancias tóxicas persistentes en Mexico. Report. Authors: Bremauntz AF,Yarto Ramírez MY, Díaz JC. 2004, 261 pp. 
Institut Fresenius. Analysis of hexabromocyclododecane (HBCD) in sludge of the wastewater treatment plant of 
Broomchemie B.V. in Terneuzen. Taunusstein (DE): Chemische und Biologische Laboratorien GmbH. 2000a.  

Institut Fresenius. Analysis of hexabromocyclododecane (HBCD) in an effluent of the wastewater treatment plant of 
Broomchemie B.V. in Terneuzen. Taunusstein (DE): Chemische und Biologische Laboratorien GmbH. 2000b.  

Institute of Hydrobiology. Validation of the preliminary EU-concept of assessing the impact of chemicals to organisms 
in sediment by using selected substances. UBA-FB 299 67 411, pp 97 pp. Dresden University of Technology, Dresden, 
Germany. Authors: Oetken M, Ludwichowski K-U and Nagel R. 2001  

IPEN. Next generation of POPs: PBDEs and lindane, International POPs Elimination Network (2005) 
http://www.ipen.org/ipenweb/documents/work%20documents/the%20new%20generation%20of%20pops.pdf (accessed 
on June 14, 2010) 

Isobe T, Ramu K, Kajiwara N, Takahashi S, Lam PKS, Jefferson TA, Zhou K, Tanabe S. Isomer specific determination 
of hexabromocyclododecanes (HBCDs) in small cetaceans from the South China Sea – levels and temporal variation. 
Marine Pollut Bull 2008;54: 1139-1145. 

Janák K, Sellström U, Johansson AK, Becher G, de Wit CA, Lindberg P, Helander B. Enantiomer-specific 
accumulation of hexabromocyclododecanes in eggs of predatory birds. Chemosphere. 2008:73(1 Suppl):S193-200. 

Janák K, Covaci A, Voorspoels S, Becher G. Hexabromocyclododecane in marine species from the Western Scheldt 
estuary: diastereoisomer- and enantiomer-specific accumulation. Environ Sci Technol 2005;39(7):1987-1994. 

Jenssen BM, Sørmo EG, Baek K, Bytingsvik J, Gaustad H, Ruus A, Skaare JU. Brominated flame retardants in North-
East Atlantic marine ecosystems. Environ Health Perspect. 2007;115 Suppl 1:35-41.  

Johnson-Restrepo B, Adams DH, Kannan K. Tetrabromobisphenol A (TBBPA) and hexabromocyclododecanes 
(HBCDs) in tissues of humans, dolphins, and sharks from the United States. Chemosphere 2008;70: 1935-1944. 

Kajiwara N, Sueoka M, Ohiwa T, Takigami H. Determination of flame-retardant hexabromocyclododecane 
diastereomers in textiles. Chemosphere. 2009;74(11):1485-9.  

Kajiwara N, Kamikawa S, Ramu K, Ueno D, Yamada TK, Subramanian A, Lam PK, Jefferson TA, Prudente M, Chung 
KH, Tanabe S. Geographical distribution of polybrominated diphenyl ethers (PBDEs) and organochlorines in small 
cetaceans from Asian waters. Chemosphere. 2006;64(2):287-95.  

Kakimoto K, Akutsu K, Konishi Y, Tanaka Y. Time trend of hexabromocyclododecane in the breast milk of Japanese 
women. Chemosphere. 2008;71(6):1110-4. 

KEMI (Swedish Chemicals Agency). Proposal for Harmonised Classification and Labelling Based on the CLP 
Regulation (EC) No 1272/2008, Annex VI, Part 2. Substance Name: Hexabromocyclododecan. Dossier submitted to 
the European Commission 2009; 49 pp. 

KLIF (Climate and Pollution Agency, Norway). Temporal trends of brominated flameretardants, cyclododeca-1,5,9-
triene and mercurin in eggs of four seabird species from Northern Norway and Svalbard. Norwergian Pollution Control 
Authority. Report 942/2005, Authors: Knudsen LB, Gabrielsen GW, Verreault J, Barrett R, Skåre JU, Polder A, Lie E 
2005, 44 pp. 

KLIF (Climate and Pollution Agency, Norway). Halogenated organic contaminants and and mercury in dead or dying 
seabirds on Bjørnøya (Svalbard). Report 997/2007, TA-number 2222/2007. Authors: Knudsen LB, Sagerup K, Polder 
A, Slabach M, Josefsen TD, Strøm, Skaare, JU, Gabrielsen GW. 2007, 45 pp. 

KLIF (Climate and Pollution Agency, Norway). New organic pollutants in air, 2007. Brominated flame retardants and 
polyfluorinated substances. SPFO-report 1077/2010, TA-2689/2010. Conducted by the Norwegian Institute for Air 
Research (NILU). Authors: Manø S, Herzke D, Schlabach M. 2010. 64 pp. 
http://www.klif.no/no/Tema/Miljoovervakning/Statlig-miljoovervakning/Kartlegging-av-nye-
miljogifter/Rapporter/Nye-miljogifter-i-luft-2007/. 

Kling P, Förlin L. Proteomic studies in zebrafish liver cells exposed to the brominated flame retardants HBCD and 
TBBPA. Ecotoxicol Environ Saf. 2009;72(7):1985-93.  



UNEP/POPS/POPRC.6/13/Add.2 
 

 32 

Knutsen HK, Kvalem HE, Thomsen C, Frøshaug M, Haugen M, Becher G, Alexander J, Meltzer HM. Dietary exposure 
to brominated flame retardants correlates with male blood levels in a selected group of Norwegians with a wide range 
of seafood consumption. Mol Nutr Food Res. 2008;52(2):217-27.  

Knudsen LB, Borgå, Jørgensen EH, van Bavel B, Schlabach M, Verreault J, Gabrielsen GW. Halogenated organic 
contaminants and mercury in northern fulmars (Fulmarus glacialis): levels, relationships to dietary descriptors and 
blood to liver comparison. Environ Pollut 2007;146: 25-33. 

Kohler M, Zennegg M, Bogdal C, Gerecke AC, Schmid PP, Heeb NV, Sturm M, Vonmont H, Kohler HPE, Giger W.. 
Temporal trends.congener patterns, and sources of octa-, nona-, and decabromodiphenyl ethers (PBDEs) and 
hexabromocyclododecanes (HBCD) in Swiss lake sediments. Environ Sci Technol 2008;42: 6378-6384. 

Kuiper RV, Canton RF, Leonards PEG, Jenssen BM, Dubbeldam M, Wester PW, van den Berg M, Vos JG, Vethaak 
AD. Long-term exposure of European flounder (Platichthys flesus) to the flame-retardants tetrabromobisphenol A 
(TBBPA) and hexabromocyclododecane (HBCD). Ecotox. Environ. Saf. 2007:67:349-360. 

Kupper T, de Alencastro LF, Gatsigazi R, Furrer R, Grandjean D, Tarradellas J. Concentrations and specific loads of 
brominated flame retardants in sewage sludge. Chemosphere. 2008;71(6):1173-80.  

Larsen, E. R.; Ecker, E. L. Thermal stability of fire retardants: I, Hexabromocyclododecane. J. Fire Sci. 1986, 4, 261–
275. 

Law RJ, Bersuder P, Barry J, Wilford BH, Allchin CR, Jepson PD. A significant downturn in levels of 
hexabromocyclododecane in the blubber of harbour porpoises (Phocoena phocoena) stranded or bycaught in the UK: an 
update to 2006. Environ Sci Technol 2008a;42: 9104-9109. 

Law RJ, Herzke D, Harrad S, Morris S, Bersuder P, Allchin CR. Levels and trends of HBCD and BDEs in the 
European and Asian environments, with some information for other BFRs. Chemosphere. 2008b;73(2):223-41.  

Law K, Halldorson T, Danell R, Stern G, Gewurtz S, Alaee M, Marvin C, Whittle M, Tomy G. Bioaccumulation and 
trophic transfer of some brominated flame retardants in a Lake Winnipeg (Canada) food web. Environ Toxicol Chem. 
2006a;25(8):2177-86. (Erratum in: Environ Toxicol Chem. 2007 Jan;26(1):190).  

Law RJ, Allchin CR, de Boer J, Covaci A, Herzke D, Lepom P, Morris S, de Wit CA. Levels and trends of brominated 
flame retardants in the European environment. Chemosphere 2006b: 64: 187-208. 

Law K, Palace VP, Halldorson T, Danell R, Wautier K, Evans B, Alaee M, Marvin C, Tomy GT. Dietary accumulation 
of hexabromocyclododecane diastereoisomers in juvenile rainbow trout (Oncorhynchus mykiss) I: bioaccumulation 
parameters and evidence of bioisomerization. Environ Toxicol Chem. 2006c;25(7):1757-61.  

Law RJ, Bersuder P, Allchin CR, Barry J. Levels of the flame retardants hexabromocyclododecane and 
tetrabromobisphenol A in the blubber of harbour porpoises (Phocoena phocoena) stranded or bycaught in the U.K., with 
evidence for an increase in HBCD concentrations in recent years. Environ Sci Technol 2006d;40: 2177-2183. 

Law RJ, Kohler M, Heeb NV, Gerecke AC, Schmid P, Voorspols S, Covaci A, Becher G, Janak K, and C Thomsen. 
Hexabromocyclododecane challenges scientists and regulators. Environ Sci Technol 2005, 39(13): 281A–287A. 

Leonards P, Vethaak D, Brandsma S, Kwadijk C, Micic D, Jol J, Schout P, de Boer J. Species-specific accumulation 
and biotransformation of polybrominated diphenyl ethers and hexabromocyclododecane in two Dutch food chains. 
Abstract. The Third International Workshop on Brominated Flame Retardants, June 6-9, Toronto, Canada. 2004;283-
286. 

Letcher RJ, Gebbink WA, Sonne C, Born EW, McKinney MA, Dietz R. Bioaccumulation and biotransformation of 
brominated and chlorinated contaminants and their metabolites in ringed seals (Pusa hispida) and polar bears (Ursus 
maritimus) from East Greenland. Environ Int. 2009;35(8):1118-24.  

Lignell S, Aune M, Darnerud PO, Cnattingius S, Glynn A. Persistent organochlorine and organobromine compounds in 
mother's milk from Sweden 1996-2006: compound-specific temporal trends. Environ Res. 2009;109(6):760-7. 

Lilienthal H, van der Ven LT, Piersma AH, Vos JG. Effects of the brominated flame retardant 
hexabromocyclododecane (HBCD) on dopamine-dependent behavior and brainstem auditory evoked potentials in a 
one-generation reproduction study in Wistar rats. Toxicol Lett. 2009;185(1):63-72.  

Lindberg P, Sellström U, Häggberg L, de Wit CA. Higher brominated diphenyl ethers and hexabromocyclododecane 
found in eggs of peregrine falcons (Falco peregrinus) breeding in Sweden. Environ Sci Technol 2004;38: 93-96. 

López D, Athasiadou M, Athanassiadis I, Estrada LY, Díaz-Barriga F and Bergman Å. A preliminary study on PBDEs 
and HBCDD in blood and milk from Mexican women. In The third international workshop on brominated flame 
retardants - BFR 2004. Book of abstracts. Edited by Alaee M and et al. 2004; 483-487.  



UNEP/POPS/POPRC.6/13/Add.2 
 

 33

Lower N, Moore A. The impact of a brominated flame retardant on smoltification and olfactory function in Atlantic 
salmon (Salmo salar L.) smolts. Mar. Freshw. Behav. Physiol. 2007;40:267-284. 

LCSP (Lowell Center For Sustainable Production). An Overview of Alternatives to Tetrabromobisphenol A (TBBPA) 
and Hexabromocyclododecane (HBCD). Report prepared for The Jennifer Altman Foundation. University of 
Massachusetts , 2006. Author: Morose G. 32 pp. 

Maden M. Retinoic acid in the development, regeneration and maintenance of the nervous system. Nat. Rev. Neurosci. 
2007, 8, 755-765 

MacGregor JA and Nixon WB. Determination of water solubility of hexabromocyclododecane (HBCD) using a 
generator column method. 2004; pp 52. Wildlife International, Ltd., Easton, Maryland, USA. 

MacGregor JA and Nixon WB. Hexabromocyclododecane (HBCD): Determination of n-octanol/ water partition 
coefficient. 1997; 439C- 104, pp 68 pp. Wildlife International Ltd, Easton, Maryland, USA. 

Malarvannan G, Kunisue T, Isobe T, Sudaryanto A, Takahashi S, Prudente M, Subramanian A, Tanabe S. 
Organohalogen compounds in human breast milk from mothers living in Payatas and Malate, the Philippines: levels, 
accumulation kinetics and infant health risk. Environ Pollut. 2009;157(6):1924-32.  

Managaki S, Miyake Y, Yokoyama Y, Hondo H, Masunaga S, Nakai S, Kobayashi T, Kameya T, Kimura A, Nakarai 
T, Oka Y, Otani H and Miyake A. Emission load of hexabromocyclododecane in Japan based on the substance flow 
analysis. 2009. http://risk.kan.ynu.ac.jp/publish/managaki/managaki200908_1.pdf 

Mariussen E and Fonnum F. The effect of brominated flame retardants on neurotransmitter uptake into rat brain 
synaptosomes and vesicles. Neurochem Int 2003; 43: 533-542. 

Meaney MJ, Stewart J, Poulin P, McEwen BS. Sexual differentiation of social play in rat pups is mediated by 
theneonatal androgen-receptor system. Neuroendocrinology 1983;37:85–90  

Meijer L, Weiss J, Van Velzen M, Brouwer A, Bergman A, Sauer PJ. Serum concentrations of neutral and phenolic 
organohalogens in pregnant women and some of their infants in The Netherlands. Environ Sci Technol. 
2008;42(9):3428-33.  

Miljeteig C, Strøm H, Gavrilo MV, Volkov A, Jenssen BM, Gabrielsen GW. High levels of contaminants in ivory gull 
Pagophila eburnea eggs from the Russian and Norwegian Arctic. Environ Sci Technol. 2009 ;43(14):5521-8.  

Minh NH, Isobe T, Ueno D, Matsumoto K, Mine M, Kajiwara N, Takahashi S, Tanabe S. Spatial distribution and 
vertical profile of polybrominated diphenyl ethers and hexabromocyclododecanes in sediment core from Tokyo Bay, 
Japan. Environ Pollut. 2007;148(2):409-17.  

Miyake Y, Managaki S, Yokoyama Y, Nakai S, Kataoka T, Nagasawa E, Shimojima M, Masunaga S, Hondo H, 
Kobayashi T, Kameya T, Kimura A, Nakarai T, Oka Y, Otani H and Miyake A. Exposure to hexabromocyclododecane 
(HBCD) emitted into indoor air by drawing flameretarded curtain. For online access go to: 
risk.kan.ynu.ac.jp/publish/masunaga/masunaga200908_3.pdf  

MOEJ (Ministry of the Environment, Japan). 6-Week Administration Study of 1,2,5,6,9,10-Hexabromocyclododecane 
for Avian Reproduction Toxicity under Long-day Conditions using Japanese Quail. Report. Research Institute for 
Animal Science in Biochemistry & Toxicology, 2009 

Montzka SA, Spivakovsky CM, Butler JH, Elkins JW, Lock LT, Mondeel DJ. New observational constraints for 
atmospheric hydroxyl on global and hemispheric scales. Science. 2000;288(5465):500-3.  

Morf L, Buser A, Taverna R, Bader HP, Scheidegger R. Dynamic substance flow analysis as a valuable tool - a case 
study for brominated flame retardants as an example of potential endocrine disruptors. 2008: 62(5):424-431  

Morris S, Allchin CR, Zegers BN, Haftka JJ, Boon JP, Belpaire C, Leonards PE, Van Leeuwen SP, de Boer J. 
Distribution and fate of HBCD and TBBPA brominated flame retardants in North Sea estuaries and aquatic food webs. 
Environ Sci Technol. 2004;38(21):5497-504.  

Muir DCG, Backus S, Derocher AE, Dietz R, Evans TJ, Gabrielsen GW, Nagy J, Norstrom RJ, Sonne C, Stirling I, 
Taylor MK, Letcher RJ. Brominated flame retardants in polar bears (Ursus maritimus) from Alaska, the Canadian 
Arctic, East Greenland, and Svalbard. Environ Sci Technol 2006;40(2): 449-455. 

Muir, D.C.G., Alaee, M., Butt, C., Braune, B., Helm, P., Mabury, S.,Tomy, G., Wang, X., New contaminants in Arctic 
biota. In:Synopsis of Research conducted under the 2003–2004, Northern Contaminants Program, Indian and Northern 
Affairs Canada, Ottawa,ON, Canada, 2004. pp. 139–148. 

NCM (Nordic Council of Ministers). Hexabromocyclododecane as a possible global POP. Nordic Chemicals Group and 
Nordic Council of Ministers, Author: Peltola-Thies J. 2008, 91 pp.   



UNEP/POPS/POPRC.6/13/Add.2 
 

 34 

Norris D. Vertebrate Endocrinology 4th edition. Elsevier Academic Press, London, UK. 2007. 560 pp, ISBN-13: 978-0-
12-088768-2 

Nyholm JR, Norman A, Norrgren L, Haglund P, Andersson PL. Maternal transfer of brominated flame retardants in 
zebrafish (Danio rerio). Chemosphere. 2008;73(2):203-8. 

OECD (Organization for Economic Co-operation and Development). SIDS Initial Assessment Profile for Cas. No. 
25637-99-4, 3194-55-6, Hexabromocyclododecane (HBCDD). SIAM 24, 19-20 April 2007. Available from: 
http://webnet.oecd.org/Hpv/UI/handler.axd?id=ea58ac11-e090-4b24-b281-200ae351686c  

Oppenheim RW. Cell death during development of the nervous system. Annu Rev Neurosci. 1991;14:453-501.  

Palace VP, Pleskach K, Halldorson T, Danell R, Wautier K, Evans B, Alaee M, Marvin C, Tomy GT. 
Biotransformation enzymes and thyroid axis disruption in juvenile rainbow trout (Oncorhynchus mykiss) exposed to 
hexabromocyclododecane diastereoisomers. Environ Sci Technol. 2008;42(6):1967-72.  

Palace VP, Park B, Pleskach K, Gemmill B, Tomy G. Altered thyroxine metabolism in rainbow trout (Oncorhynchus 
mykiss) exposed to hexabromocyclododecane (HBCD). Chemosphere. 2010 Jun;80(2):165-9.  

Peck AM, Pugh RS, Moors A, Ellisor MB, Porter BJ, Becker PR, Kucklick JR. Hexabromocyclododecane in white-
sided dolphins: temporal trend and stereoisomer distribution in tissues. Environ Sci Technol 2008;42: 2650-2655. 

Peled M, Scharia R, Sondack D. Thermal rearrangement of hexabromocyclododecane (HBCD). Adv Organobro Chem 
II 1995; 7: 92-99. 

Petersen M, Hamm S, Schäfer A, Esser U. Comparative GC/MS and LC/MS detection of hexabromocyclododecane 
(HBCD) in soil and water samples. Organohalogen Compounds 66:2005, 226-233 

Polder A, Thomsen C, Lindström G, Løken KB, Skaare JU. Levels and temporal trends of chlorinated pesticides, 
polychlorinated biphenyls and brominated flame retardants in individual human breast milk samples from Northern and 
Southern Norway. Chemosphere. 2008a;73(1):14-23.  

Polder A, Gabrielsen GW, Odland JØ, Savinova TN, Tkachev A, Løken KB, Skaare JU. Spatial and temporal changes 
of chlorinated pesticides, PCBs, dioxins (PCDDs/PCDFs) and brominated flame retardants in human breast milk from 
Northern Russia. Sci Total Environ. 2008b;391(1):41-54.  

Polder A, Venter B, Skaare JU, Bouwman M. Polybrominated diphenyl ethers and HBCD in bird eggs of South Africa. 
Chemosphere 2008c;73: 148-154 

Polymer Research Centre. Final report on flame retardant release from textiles. University of Surrey, UK. 2006. 
Authors: Thomas J and Stevens G. 

Prinn RG, Weiss RF, Miller BR, Huang J, Alyea FN, Cunnold DM, Fraser PJ, Hartley DE, Simmonds PG. 
Atmospheric Trends and Lifetime of CH3CCI3 and Global OH Concentrations. Science. 1995;269(5221):187-192. 

Pulkrabová J, Hrádková P, Hajslová J, Poustka J, Nápravníková M, Polácek V. Brominated flame retardants and other 
organochlorine pollutants in human adipose tissue samples from the Czech Republic. Environ Int. 2009;35(1):63-8.  

Remberger M, Sternbeck J, Palm A, Kaj L, Strömberg K, Brorström-Lundén E. The environmental occurrence of 
hexabromocyclododecane in Sweden. Chemosphere. 2004;54(1):9-21.  

Reistad T, Fonnum F, Mariussen E. Neurotoxicity of the pentabrominated diphenyl ether mixture, DE-71, and 
hexabromocyclododecane (HBCD) in rat cerebellar granule cells in vitro. Arch Toxicol. 2006;80(11):785-96.  

Roosens L, Cornelis C, D'Hollander W, Bervoets L, Reynders H, Van Campenhout K, Van Den Heuvel R, Neels H, 
Covaci A. Exposure of the Flemish population to brominated flame retardants: model and risk assessment. Environ Int. 
2010;36(4):368-76.  

Roosens L, Abdallah MA, Harrad S, Neels H, Covaci A. Exposure to hexabromocyclododecanes (HBCDs) via dust 
ingestion, but not diet, correlates with concentrations in human serum: preliminary results. Environ Health Perspect. 
2009;117(11):1707-12. 

Roze E, Meijer L, Bakker A, Van Braeckel KN, Sauer PJ, Bos AF. Prenatal exposure to organohalogens, including 
brominated flame retardants, influences motor, cognitive, and behavioral performance at school age. Environ 
HealthPerspect. 2009 ;117(12):1953-8.  

Saegusa Y, Fujimoto H, Woo GH, Inoue K, Takahashi M, Mitsumori K, Hirose M, Nishikawa A, Shibutani M. 
Developmental toxicity of brominated flame retardants, tetrabromobisphenol A and 1,2,5,6,9,10 
hexabromocyclododecane, in rat offspring after maternal exposure from mid-gestation through lactation. Reprod 
Toxicol. 2009;28(4):456-67.  



UNEP/POPS/POPRC.6/13/Add.2 
 

 35

Schantz SL, Widholm JJ. Cognitive effects of endocrine-disrupting chemicals in animals. Environ Health Perspect. 
2001;109(12):1197-206. 

Schecter A, Harris TR, Shah N, Musumba A, Päpke O. Brominated flame retardants in US food. Mol Nutr Food Res. 
2008;52(2):266-72.  

Schriks M, Zvinavashe E, Furlow JD, Murk AJ. Disruption of thyroid hormone-mediated Xenopus laevis tadpole tail 
tip regression by hexabromocyclododecane (HBCD) and 2,2',3,3',4,4',5,5',6-nona brominated diphenyl ether (BDE206). 
Chemosphere. 2006;65(10):1904-8.  

Sellström U, Kierkegaard A, Alsberg T, Jonsson P, Wahlberg C, de Wit C. Brominated flame retardants in sediments 
from European estuaries, the Baltic Sea and in sewage sludge. Organohalogen Compd 1999a;40: 383-386  

Sellström U. Determination of some polybrominated flame retardants in biota, sediment and sewage sludge. Doctoral 
Dissertation. Stockholm (SE): Stockholm University. 1999b, 71 pp. 

Sellström U, Kierkegaard A, de Wit C, Jansson B. Polybrominated diphenyl ethers and hexabromocyclododecane in 
sediment and fish from a Swedish river. Environ Toxicol Chem 1998;17(6):1065-1072. 

SETAC 2009, Letcher RJ, Fernie KJ, Mattioli LC, Chu SG, Bird D, Ritchie IJ, Schutt LJ. Uptake, Depuration and Fate 
of Hexabromocyclododecane (HBCD) and BDE-209 Flame Retardants in Dietary Exposed American kestrels (Falco 
sparverius). 30th Annual Meeting of SETAC, November 19-23, New Orleans, L.A., U.S.A.  

Shi ZX, Wu YN, Li JG, Zhao YF, Feng JF. Dietary exposure assessment of Chinese adults and nursing infants to 
tetrabromobisphenol-A and hexabromocyclododecanes: occurrence measurements in foods and human milk. 
EnvironSci Technol. 2009;43(12):4314-9.  

Simpson ER, Clyne C, Rubin G, Boon WC, Robertson K, Britt K, Speed C, Jones M.Aromatase-a brief review. Annu 
Rev Physiol 2002;64:93–127.  

Smith K, Liu C-H, El-Hiti GA, Kang GS, Jonas E, Clement SG, Checquer AD, Howarth OW, Hursthouse MB and 
Coles SJ. An extensive study of bromination of cis, trans-1,5,9-cyclododecatriene: product structures and 
conformations. Org Biomol Chem 2005; 3: 1880-1892. 

Stapleton HM, Allen JG, Kelly SM, Konstantinov A, Klosterhaus S, Watkins D, McClean MD, Webster TF. Alternate 
and new brominated flame retardants detected in U.S. house dust. Environ Sci Technol. 2008;42(18):6910-6.  

Stapleton HM, Dodder NG, Kucklick JR, Reddy CM, Schantz MM, Becker PR, Gulland F, Porter BJ, Wise SA. 
Determination of HBCD, PBDEs and MeO-BDEs in California sea lions (Zalophus californianus) stranded between 
1993 and 2003. Mar Pollut Bull 2006;52: 522-531.  

Stenzel JI and Nixon WB. Hexabromocyclododecane (HBC): Determination of the vapor pressure using a spinning 
rotor gauge. 1997; 439C-117, pp 44. Wildlife international Ltd., Easton, Maryland. 

Stenzel JI and Markley BJ. Hexabromocyclododecane (HBCD): Determination of the water solubility. 1997; 439C-105, 
55 pp. Wildlife International Ltd, Easton, Maryland, USA. 

Stuart H, Ibarra C, Abdallah MA, Boon R, Neels H, Covaci A. Concentrations of brominated flame retardants in dust 
from United Kingdom cars, homes, and offices: Causes of variability and implications for human exposure. Environ 
Int. 2008;34(8):1170-5.  

Swerea. Exploration of management options for HBCDD. Report. Authors: Posner S, Roos S, Olsson E. 2010. 84 pp. 

Sørmo EG, Salmer MP, Jenssen BM, Hop H, Baek K, Kovacs KM, Lydersen C, Falk-Petersen S, Gabrielsen GW, Lie 
E, Skaare JU. Biomagnification of polybrominated diphenyl ether and hexabromocyclododecane flame retardants in the 
polar bear food chain in Svalbard, Norway. Environ Toxicol Chem. 2006;25(9):2502-11. 

Takigami H, Suzuki G, Hirai Y, Ishikawa Y, Sunami M, Sakai S. Flame retardants in indoor dust and air of a hotel in 
Japan. Environ Int. 2009a;35(4):688-93. 

Takigami H, Suzuki G, Hirai Y, Sakai S. Brominated flame retardants and other polyhalogenated compounds in indoor 
air and dust from two houses in Japan.Chemosphere. 2009b ;76(2):270-7.  

Tanabe S. Temporal trends of brominated flame retardants in coastal waters of Japan and South China: retrospective 
monitoring study using archived samples from es-Bank, Ehime University, Japan. Mar Pollut Bull 2008;57: 267-274. 

Thomsen C, Knutsen HK, Liane VH, Frøshaug M, Kvalem HE, Haugen M, Meltzer HM, Alexander J, Becher G. 
Consumption of fish from a contaminated lake strongly affects the concentrations of polybrominated diphenyl ethers 
and hexabromocyclododecane in serum. Mol Nutr Food Res. 2008;52(2):228-37.  



UNEP/POPS/POPRC.6/13/Add.2 
 

 36 

Thomsen C, Molander P, Daae HL, Janák K, Froshaug M, Liane VH, Thorud S, Becher G, Dybing E. Occupational 
exposure to hexabromocyclododecane at an industrial plant. Environ Sci Technol. 2007;41 (15):5210-6.  

Tomy GT, Pleskach K, Ferguson SH, Hare J, Stern G, Macinnis G, Marvin CH, Loseto L. Trophodynamics of some 
PFCs and BFRs in a western Canadian Arctic marine food web. Environ Sci Technol. 2009;43(11):4076-81.  

Tomy, GT, Pleskach, K, Oswald, T, Halldorson, THJ, Helm, PA, Marvin,CH, MacInnis, G. Enantioselective 
bioaccumulation of hexabromocyclododecane and congener-specific accumulation of brominated diphenyl ethers in an 
Eastern Canadian Arctic marine food web. Environ Sci Technol 2008: 42: 3634-3639. 

Tomy GT, BudakowskiWR, Halldorson THJ, Whittle DM, Keir MJ, MacInnis G, Alaee M.Biomagnification of α- and 
δ-hexabromocyclododecane (HBCD) isomers in a Lake Ontario food web. Environ Sci Technol 2004a;38: 2298-2303. 

Tomy GT, Halldorson T, Danell R, Law K, Stern G, Gerwutz S, Whittle M, Alaee M, Marvin 
C.Hexabromocyclododecane (HBCD) isomers and brominated diphenyl ether (BDE) congeners in fish from Lake 
Winnipeg, Manitoba (Canada). Abstract. Third International Workshop on Brominated Flame Retardants, June 6-9, 
Toronto, Canada. 2004b. 213-216. 

Tue NM, Sudaryanto A, Minh TB, Isobe T, Takahashi S, Viet PH, Tanabe S. Accumulation of polychlorinated 
biphenyls and brominated flame retardants in breast milk from women living in Vietnamese e-waste recycling sites. Sci 
TotalEnviron. 2010;408(9):2155-62.  

Ueno D, Alaee M, Marvin C, Muir DCG, Macinnis G, Reiner E, Crozier P, Furdui VI, Subramanian A, Fillmann G, 
Lam PKS, Zheng GJ, Muchtar M, Razak H, Prudente M, Chung K, Tanabe S. Distribution and transportability of 
hexabromocyclododecane (HBCD) in the Asia-Pacific region using skipjack tuna as a bioindicator. Environ Pollut 
2006;144: 238-247. 

US EPA (US Environmental Protection Agency). Initial Risk-Based Prioritization of High Production Volume 
Chemicals. Chemical/Category: Hexabromocyclododecane (HBCD). Risk-Based Prioritization Document 3/18/2008 

Veith GD, DeFoe DL, and Bergstedt BV. Measuring and estimating the bioconcentration factor of chemicals in fish. 
Journal of the Fisheries Research Board of Canada 1979;36: 1040-1048. 

van der Ven LT, van de Kuil T, Leonards PE, Slob W, Lilienthal H, Litens S, Herlin M, Håkansson H, Cantón RF, van 
den Berg M, Visser TJ, van Loveren H, Vos JG, Piersma AH. Endocrine effects of hexabromocyclododecane (HBCD) 
in a one-generation reproduction study in Wistar rats. Toxicol Lett. 2009;185(1):51-62.  

van der Ven LT, Verhoef A, van de Kuil T, Slob W, Leonards PE, Visser TJ, Hamers T, Herlin M, Håkansson H, 
Olausson H, Piersma AH, Vos JG. A 28-day oral dose toxicity study enhanced to detect endocrine effects 
ofhexabromocyclododecane in Wistar rats. Toxicol Sci. 2006;94(2):281-92.  

Velsicol Chemicals. Pharmacokinetics of HBCD in rats. unpublished paper translated into English. Authors: Yu, CC, 
Atallah, YH. 1980. 

Verreault J, Shahmiri S, Gabrielsen GW, Letcher RJ. Organohalogen and metabolically-derived contaminants and 
associations with whole body constituents in Norwegian Arctic glaucous gulls. Environ Int 2007. 33: 823-830. 

Walsh GE, Yoder MJ, McLaughlin LL. Responses of Marine Unicellular Algae to Brominated Organic Compounds in 
Six Growth Media. Ecotoxicology and Environmental Safety1987;14, 215-222.  

Wania F, Dugani CB. 2003. Assessing the long-range transport potential of polybrominated diphenyl ethers: a 
comparison of four multimedia models. Environ Toxicol Chem 22(6): 1252-1261. 

Weiss J, Wallin E, Axmon A, Jönsson BA, Akesson H, Janák K, Hagmar L, Bergman A. Hydroxy-PCBs, PBDEs, and 
HBCDDs in serum from an elderly population of Swedish fishermen's wives and associations with bone density. 
Environ Sci Technol. 2006;40(20):6282-9.  

Weiss J, Meijer L, Sauer P, Linderholm L, Athanassiadis I, Bergman, Å.. PBDE and HBCDD levels in blood from 
Dutch mothers and infants- Analysis of a DutchGroningen Infant Cohort. Organohalogen Compd 2004;66: 2677-2682. 

WIL. (WIL Research Laboratories). A 90-day oral (gavage) toxicity study of HBCD in rats. WIL-186012, pp 1527. 
WIL Research Laboratories, Inc, Ashland, Ohio, USA. Author: Chengelis CP. 2001.  

Wildlife International (Wildlife International Ltd, Easton, Maryland, USA). Hexabromocyclododecane (HBCD): 
Closed bottle test. 439E-102. 1996. Authors: Schaefer E. and Haberlein D. 

Wildlife International (Wildlife International Ltd, Easton, Maryland, USA). Hexabromocyclododecane (HBCD): a 48-
hour flow-through acute toxicity test with the cladocercan (Daphnia magna). Project Number: 439A-102. Wildlife. 
Authors: Graves W, Swigert J. 1997 



UNEP/POPS/POPRC.6/13/Add.2 
 

 37

Wildlife International (Wildlife International Ltd, Easton, Maryland, USA). Hexabromocyclododecane (HBCD): A 
flow-through life-cycle toxicity test with the cladoceran (Daphnia magna). Final report. Authors: Drottar KR and 
Krueger HO. 1998; 439A-108, 78 pp. 

Wildlife International (Wildlife International Ltd, Easton, Maryland, USA). Hexabromocyclododecane (HBCD): A 
flow-through bioconcentration test with the rainbow trout (Oncorhynchus mykiss). Report 439A-108, 1-78. Authors: 
Drottar KR and Krueger HO. 2000. 

Wildlife International (Wildlife International Ltd, Easton, Maryland, USA). Hexabromocyclododecane (HBCD): A 
toxicity test to determine the effects of the test substance on seedling emergence of six species of plants. Final report. 
2002; 126 pp. Authors: Porch JR, Kendall TZ and Krueger HO. 

Wildlife International (Wildlife International Ltd, Easton, Maryland, USA). Hexabromocyclododecane (HBCD): A 72-
hour toxicity test with the marine diatom (Skeletonema costatum), Final report. 2004a; Authors: Desjardins D, 
MacGregor JA and Krueger HO. 66 pp.  

Wildlife International (Wildlife International Ltd, Easton, Maryland, USA).  Determination of water solubility of 
hexabromocyclododecane (HBCD) using a generator column method. 2004b; Authors: MacGregor JA and Nixon WB. 
pp 52.  

Wildlife International (Wildlife International Ltd, Easton, Maryland, USA). Hexabromocyclododecane (HBCD): A 72-
hour toxicity test with the marine diatom (Skeletonema costatum) using generator column saturated media. Chapter 2. 
Final report. 2005; Authors: Desjardins D, MacGregor JA and Krueger HO. 19 pp. 

de Wit CA, Herzke D, Vorkamp K. Brominated flame retardants in the Arctic environment - trends and new candidates. 
Sci Total Environ. 2009. PubMed PMID: 19815253.  

de Wit CA, Alaee M, Muir DC. Levels and trends of brominated flame retardants in the Arctic. Chemosphere. 
2006;64(2):209-33.  

WSKOWWIN Water Solubility for Organic Compounds Program for Microsoft Windows Estimation Model, Version 
1.41. Washington (DC): U.S. Environmental Protection Agency, Office of Pollution Prevention and Toxics; Syracuse 
(NY): Syracuse Research Corporation. 2000. Available from: www.epa.gov/oppt/exposure/pubs/episuite.htm 

Xian Q, Ramu K, Isobe T, Sudaryanto A, Liu X, Gao Z, Takahashi S, Yu H, Tanabe S. Levels and body distribution of 
polybrominated diphenyl ethers (PBDEs) and hexabromocyclododecanes (HBCDs) in freshwater fishes from the 
Yangtze River, China. Chemosphere 2008;71: 268-276. 

Xiao,H., Hung, H., Shen,L., Wania,F., Sverko,E., Su,Y. et al. The atmospheric concentrations of brominated flame 
retardants at extreme remote locations: The Canadian high Arctic and the Tibetan Plateau. Conference paper. Abstract. 
Fifth International Symposium on Brominated Flame retardants [BFR 2010]. 2010. Kyoto, Japan. 7—10 April 2010.  

Yamada-Okabe T, Sakai H, Kashima Y, Yamada-Okabe H. Modulation at a cellular level of the thyroid hormone 
receptor-mediated gene expression by 1,2,5,6,9,10-hexabromocyclododecane (HBCD), 4,4'-diiodobiphenyl (DIB), 
andnitrofen (NIP). Toxicol Lett. 2005;155(1):127-33.  

Yu Z, Peng P, Sheng G, Fu J. Determination of hexabromocyclododecane diastereoisomers in air and soil by liquid 
chromatography-electrospray tandem mass spectrometry. J Chromatogr A 2008:1190: 74-79. 

Zegers BN, Mets A, Van Bommel R, Minkenberg C, Hamers T, Kamstra JH, Pierce GJ, Boon JP. Levels of 
hexabromocyclododecane in harbor porpoises and commondolphins from western European seas, with evidence for 
stereoisomer-specific biotransformation by cytochrome P450. Environ Sci Technol. 2005;39(7):2095-100.  

Zhang X, Yang F, Luo C, Wen S, Zhang X, Xu Y. Bioaccumulative characteristics of hexabromocyclododecanes in 
freshwater species from an electronic waste recycling area in China. Chemosphere. 2009;76(11):1572-8.  

Zhang X, Yang F, Zhang X, Xu Y, Liao T, Song S, Wang J. Induction of hepatic enzymes and oxidative stress in 
Chinese rare minnow (Gobiocypris rarus) exposed to waterborne hexabromocyclododecane (HBCDD). Aquat Toxicol. 
2008;86(1):4-11.  

Zhang X, Yang F, Xu C, Liu W, Wen S, Xu Y. Cytotoxicity evaluation of three pairs of hexabromocyclododecane 
(HBCD) enantiomers on Hep G2 cell. Toxicol In Vitro. 2008;22(6):1520-7.  

 



UNEP/POPS/POPRC.6/13/Add.2 
 

 38 

Additional references 
Literature not directly cited in the Risk Profile 
 
Albemarle Corporation. IUCLID. Data set 201-15946; 2005 (http://www.epa.gov/hpv/pubs/summaries/cyclodod/ 
c13459rr.pdf). 

Aniagu SO, Williams TD, Chipman JK. Changes in gene expression and assessment of DNA methylation in primary 
human hepatocytes and HepG2 cells exposed to the environmental contaminants-Hexabromocyclododecane and 17-
beta oestradiol. Toxicology. 2009;256(3):143-51.  

Aniagu SO, Williams TD, Allen Y, Katsiadaki I, Chipman JK. Global genomic methylation levels in the liver and 
gonads of the three-spine stickleback (Gasterosteus aculeatus) after exposure to hexabromocyclododecane and 17-beta 
oestradiol. Environ Int. 2008;34(3):310-7.  

Asplund L, Bignert A, Nylund K. Comparison of spatial and temporal trends of methoxylated PBDEs, PBDEs, and 
hexabromocyclododecane in herring along the Swedish coast. Organohalogen Compd 2004:66: 3988-3993. 

BASF. Hexabromocyclododecane: 28-day feeding trials with rats. BASF (not published). Authors: Zeller H and Kirsch 
P. 1969.  

BASF. Cytogenetic study in vivo with hexabromocyclododecane in the mouse micronucleus test after two 
intraperitoneal administrations. Report. Experimental toxicology and ecology, BASF, Germany. Project no 
26M0100/004018; 2000. 

Birnbaum, L.S., Staskal, D.F.Brominated flame retardants: cause for concern? Environ Health Perspect. 2004, 112, 9–
17. 

Brent GA, Larsen PR, Davies TF. Hypothyroidism and thyroiditis. In: Kronenberg: HM, Shlomo M, Polonsky KR, 
Larsen PR, eds. Williams Textbook of Endocrinology. 11th ed. Saunders Elsevier, Philadelphia, 2008: Chapter 12. 

Bustnes JO, Yoccoz NG, Bangjord G, Polder A, Skaare JU. Temporal trends (1986-2004) of organochlorines and 
brominated flame retardants in tawny owl eggs from northern Europe. Environ Sci Technol 2007;41: 8491-8497. 

Bytingsvik J, Gaustad H, Pettersvik Salmer M, Soermo EG, Baek K, Fǿreid S, Ruus A, Utne Skaare J, Munro Jenssen 
B. 2004. Spatial and temporal trends of BFRs in Atlantic cod and Polar cod in the North-East Atlantic. Organohalogen 
Compd 66: 3918-3922. 

Cantón RF, Peijnenburg AA, Hoogenboom RL, Piersma AH, van der Ven LT, van den Berg M, Heneweer M. Subacute 
effects of hexabromocyclododecane (HBCD) on hepatic gene expression profiles in rats. Toxicol Appl Pharmacol. 
2008 ;231(2):267-72.  

Carpenter DO. Environmental contaminants as risk factors for developing diabetes. Rev Environ Health. 
2008;23(1):59-74.  

Catalá A. Lipid peroxidation of membrane phospholipids generates hydroxy-alkenals and oxidized phospholipids active 
in Environmental physiological and/or pathological conditions. Chem Phys Lipids. 2009;157(1):1-11.  

Darnerud PO. Toxic effects of brominated flame retardants in man and in wildlife. Environ Int. 2003 Sep;29(6):841-53. 
Review.  

D’Silva K, Fernandes A, Rose M. 2004. Brominated organic micropollutants – igniting the flame retardant issue. Crit 
Rev Env Sci Technol 34: 141-207. 

Eljarrat E, de la Cal A, Raldua D, Duran C, Barcelo D. Brominated flame retardants in Alburnus alburnus from Cinca 
River basin (Spain). Environ Pollut 2005;133: 501-508. 

Eljarrat E, de la Cal A, Raldua D, Duran C, Barcelo D.Occurrence and bioavailability of polybrominated diphenyl 
ethers and hexabromocyclododecane in sediment and fish from the Cinca River, a tributary of the Ebro River (Spain). 
Environ Sci Technol 2004;38(9): 2603-2608. 

EQC. Equilibrium Criterion Model. Version 2.02. Peterborough (ON): Trent University, Canadian Environmental 
Modelling Centre. 2003. Available from: http://www.trentu.ca/academic/aminss/envmodel/models/EQC2.html 
Evenset A, Christensen GN, Carroll J, Zaborska A, Berger U, Herzke D, Gregor D. Historical trends in persistent 
organic pollutants and metals recorded in sediment from Lake Ellasjøen, Bjørnøya, Norwegian Arctic. Environ Pollut 
2007;146: 196-205. 

Feinberg AP, Tycko B. The history of cancer epigenetics. Nat. Rev. Cancer 2004;4:143-153. 



UNEP/POPS/POPRC.6/13/Add.2 
 

 39

Fernie KJ, Shutt JL, Letcher RJ, Ritchie IJ, Bird DM. Environmentally relevant concentrations of DE-71 and HBCD 
alter eggshell thickness and reproductive success of American kestrels. Environ Sci Technol. 2009;43(6):2124-30.  

Franco R, Schoneveld O, Georgakilas AG, Panayiotidis MI. Oxidative stress, DNA methylation and carcinogenesis. 
Cancer Lett. 2008;266(1):6-11.  

Gauthier LT, Hebert CE, Weseloh DVC, Trudeau S, Letcher RJ. Current-use and emerging brominated and chlorinated 
flame retardant contaminants in the eggs of herring gulls (Larus argentatus) from colonial Great Lakes populations. 
Poster. 8th Annual Workshop on Brominated Flame Retardants in the Environment, June 27-29, Toronto, Canada. 2006. 

Gauthier LT, Hebert CE, Weseloh DVC, Letcher RJ. Current-use flame retardants in the eggs of herring gulls (Larus 
argentatus) from the Laurentian Great Lakes. Environ Sci Technol 2007;41: 4561-4567. 

Gebbink WA, Sonne C, Dietz R, Kirkegaard M, Born EW, Muir DCG, Letcher RJ. 2008. Target tissue selectivity and 
burdens of diverse classes of brominated and chlorinated contaminants in polar bears (Ursus maritimus) from East 
Greenland. Environ Sci Technol 2008; 42: 752-759. 

Gee JR, Moser VC. Acute postnatal exposure to brominated diphenylether 47 delays neuromotor ontogeny and alters 
motor activity in mice. Neurotoxicol Teratol. 2008;30(2):79-87.  

Gerecke AC, Kohler M, Zennegg M, Schmid P, Heeb NV. Detection of α-isomer dominated HBCD 
(hexabromocyclododecane) in Swiss fish at levels comparable to PBDEs (polybrominated diphenyl ethers). 
Organohalogen Compd 2003; 61: 155-158. 

Germer S, Piersma AH, van der Ven L, Kamyschnikow A, Fery Y, Schmitz HJ, Schrenk D. Subacute effects of the 
brominated flame retardants hexabromocyclododecane and tetrabromobisphenol A on hepatic cytochrome P450levels 
in rats. Toxicology. 2006;218(2-3):229-36.  

Guerra P, Elijarrat E, Barceló D. Enantiomeric specific determination of hexabromocyclododecane by liquid 
chromatography-quadrupole linear ion trap mass spectrometry in sediment samples. J Chromatogr A 2008b;1203: 81-
87. 

Helleday T, Tuominen K-L, Bergman Å and Jenssen D. Brominated flame retardants induce intragenic recombination 
in mammalian cells. Mutat Res 1999; 439: 137-147. 

HENRYWIN. Henry’s Law Constant Program for Microsoft Windows Estimation Model,. Version 3.10. Washington 
(DC): U.S. Environmental Protection Agency, Office of Pollution Prevention and Toxics; Syracuse (NY): Syracuse 
Research Corporation. 2000. Available from: www.epa.gov/oppt/exposure/pubs/episuite.htm 

Hinkson NC, Whalen MM. Hexabromocyclododecane decreases the lytic function and ATP levels of human natural 
killer cells. J Appl Toxicol. 2009;29(8):656-661.  

Hites RA, Hoh E. Brominated flame retardants in the atmosphere of the U.S. Presentation at the Seventh Annual 
Workshop on Brominated Flame Retardants (BFR) in the Environment, June 13-14, Gaithersburg, MD. 2005, 37 pp. 

HSDB (Hazardous Substances Data Bank, database on the Internet). Bethesda (MD): National Library of Medicine 
(US). 1983-. Available from: http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB 

HYDROWIN. Hydrolysis Rates Program for Microsoft Windows Estimation Model, Version 1.67. Washington (DC): 
U.S. Environmental Protection Agency, Office of Pollution Prevention and Toxics; Syracuse (NY): Syracuse Research 
Corporation. 2000. Available from: www.epa.gov/oppt/exposure/pubs/episuite.htm 

Ismail N, Gewurtz SB, Pleskach K, Whittle DM, Helm PA, Marvin CH, Tomy GT. Brominated and chlorinated flame 
retardants in Lake Ontario, Canada, lake trout (Salvelinus namaycush) between 1979 and 2004 and possible influences 
of food web changes. Environ Toxicol Chem 2009; 28(5): 910–920.  

Jaspers V, Covaci A, Maervoet J, Dauwe T, Voorspoels S, Schepens P, Eens M. 2005. Brominated flame retardants and 
organochlorine pollutants in eggs of little owls (Athene noctua) from Belgium. Environ Pollut 136: 81-88.  

Johansson A, Sellström U, Lindberg P, Bignert A, de Wit CA. Polybrominated diphenyl ether congener patterns, 
hexabromocyclododecane, and brominated biphenyl 153 in eggs of peregrine falcons (Falco peregrinus) breeding in 
Sweden. Environ Toxicol Chem 2009;28(1): 9-17. 

Jones OA, Maguire ML, Griffin JL. Environmental pollution and diabetes: a neglected association. Lancet. 2008 
26;371(9609):287-8.  

Kemmlein S, Hahn O, Jann O. 2003. Emissions of organophosphate and brominated flame retardants from selected 
consumer products and building materials. Atmos Environ 2003;37: 5485-5493. 

Kezele P, Skinner MK. Regulation of ovarian primordial follicle assembly and development by estrogen and 
progesterone: endocrine model of follicle assembly. Endocrinology. 2003;144(8):3329-37.  



UNEP/POPS/POPRC.6/13/Add.2 
 

 40 

Kierkegaard A, Sellström U, Bignert A, Olsson M, Asplund L, Jansson B, de Wit C. Temporal trends of a 
polybrominated diphenyl ether (PBDE), a methoxylated PBDE, and hexabromocyclododecane (HBCD) in Swedish 
biota. Organohalogen Compd 1999;40: 367-370. 

Kim WR, Park OH, Choi S, Choi SY, Park SK, Lee KJ, Rhyu IJ, Kim H, Lee YK, Kim HT, Oppenheim RW, Sun W. 
The maintenance of specific aspects of neuronal function and behavior is dependent on programmed cell death of adult-
generated neurons in the dentate gyrus. Eur J Neurosci. 2009;29(7):1408-21. E  

Kohler M, Bogdal C, Zennegg M, Schmid P, Gerecke AC, Heeb NV, Sturm M, Zwyssig A, Kohler H, Hartmann PC, 
Giger W, Scheringer M, Hungerbühler K. Temporal trends of the brominated flame retardants decaBDE, Σ tri-hepta 
BDEs and HBCDs in Swiss lake sediments. Poster. 17th Annual SETAC Meeting, May 20-24, Porto, PT. 2007.  

KOWWIN. Octanol-Water Partition Coefficient Program for Microsoft Windows Estimation Model, Version 1.67. 
Washington (DC): U.S. Environmental Protection Agency, Office of Pollution Prevention and Toxics; Syracuse (NY): 
Syracuse Research Corporation. 2000. Available from: www.epa.gov/oppt/exposure/pubs/episuite.htm 
Kunisue T, Takayanagi N, Isobe T, Takahashi S, Nakatsu S, Tsubota T, Okumoto K, Bushisue S, Tanabe S. Regional 
trend and tissue distribution of brominated flame retardants and persistent organochlorines in raccoon dogs 
(Nyctereutes procyonoides) from Japan. Environ Sci Technol 2008;42: 685-691. 

Larsen R, Davis E, Peck A, Liebert D, Richardson K. Hexabromocyclododecane in Chesapeake Bay fish. 
Poster.Seventh Annual Workshop on Brominated Flame Retardants (BFRs) in the Environment, June 13-14, 
Gaithersberg, MD, USA, 2005. 

Law RJ, Bersuder P, Barry J, Wilford BH, Allchin CR, Jepson PD. A significant downturn in levels of 
hexabromocyclododecane in the blubber of harbour porpoises (Phocoena phocoena) stranded or bycaught in the UK: an 
update to 2006. Environ Sci Technol 2008;42: 9104-9109. 

Lee DH, Lee IK, Song KE, Steffes M, Toscano W, Baker BA, et al. A strong dose–response relation between serum 
concentrations of persistent organic pollutants and diabetes: results from the National Health and Examination Survey. 
Diabetes Care 2006;29:1638–44. 

Lee DH, Steffes M, Jacobs DR. Positive associations of serum concentration of polychlorinated biphenyls or 
organochlorine pesticides with self-reported arthritis, especially rheumatoid type, in women. Environ Health Perspect. 
2007;115(6):883-8.  

van Leeuwen S, Traag W, de Boer J. 2004. Monitoring of brominated flame retardants, dioxins, PCBs and other 
organohalogen compounds in fish from The Netherlands. Organohalogen Compd 2004;66: 1764-1769. 

Lema SC, Nevitt GA. Evidence that thyroid hormone induces olfactory cellular proliferation in salmon during a 
sensitive period for imprinting. J Exp Biol. 2004;207(Pt 19):3317-27.  

Lindberg P, Odsjö T. Mercury levels in feathers of peregrine falcon Falco peregrinus compared with total mercury 
content in some of its prey species. Environ Pollut (Series B) 1983;5: 297-318  

Litton Bionetics Inc., Kensington, Md. Mutagenicity Evaluation of 421–32B: Final Report. LBI Project No. 2547. 
Sponsored by Ciba-Geigy Corp., Ardley, New York. EPA/ OTS Doc #86-900000256. Author: Brusick, D. 1976. 

Lowe SW, Lin AW. Apoptosis in cancer. Carcinogenesis. 2000;21(3):485-95.  

Lundstedt-Enkel K, Asplund L, Nylund K, Bignert A, Tysklind M, Olsson M, Orberg J. Multivariate data analysis of 
organochlorines and brominated flame retardants in Baltic Sea guillemot (Uria aalge) egg and muscle. Chemosphere. 
2006;65(9):1591-9. 

Manchester (UK) Report 10531-009-420/PAH-2. Environmental assessment of a European flame retardant coating 
manufacturing facility (formulator/compounder). Authors: Dames, Moore. 2000a. 

Manchester (UK):. Report 10531-009-420/PAH-1. Environmental assessment of a HBCD European manufacturing 
plant. Authors: Dames, Moore. 2000a.  

Marsh G, Athanasiadou M, Bergman Ǻ, Athanassiadis I, Endo T, Haraguchi K. Identification of a novel 
dimethoxylated polybrominated biphenyl bioaccumulating in marine mammals. Organohalogen Compd 2004;66: 3823-
3829. 

Marvin CH, Tomy GT, Alaee M, MacInnis G. Distribution of hexabromocyclododecane in Detroit River suspended 
sediments. Abstract. The Third International Workshop on Brominated Flame Retardants, June 6-9, Toronto, Canada. 
2004; 137-140. 

Marvin CH, Tomy GT, Alaee M, MacInnis G. Distribution of hexabromocyclododecane in Detroit River suspended 
sediments. Chemosphere 2006;64: 268-275. 



UNEP/POPS/POPRC.6/13/Add.2 
 

 41

McKinney MA, Cesh LS, Elliott JE, Williams TD, Garcelon DK, Letcher RJ. Brominated flame retardants and 
halogenated phenolic compounds in North American West Coast bald eaglet (Haliaeetus leucocephalus) plasma. 
Environ Sci Technol 2006;40: 6275-6281. 

Microbiological associates, Inc. Rockeville, MD. Chromosome aberrations in human peripheral blood lymphocytes. 
Study no G96A061.342 sponsored by Chemical Manufacturers Association, Arlington, Virginia, USA; 1996. Authors: 
Gudi R, Scadly EH. 

Morris AD, Muir DCG, Teixeira C., Epp,J., Sturman S, Solomon KR. Bioaccumulation and distribution of brominated 
flame retardants and current-use pesticides in an Arctic marine food-web. Abstract. Proceedings of Society of 
Environmental Toxicology and Chemistry. 28th Annual Meeting, Milwaukee, Wisconsin. 2007. 

Müller MJ, Seitz HJ. Thyroid hormone action on interdediary metabolism. Part II: Lipid metabolism in hypo- and 
hyperthyroidism. Klin. Wochenschr. 2006, 62, 49-55 

Murvoll KM, Skaare JU, Anderssen E, Jenssen BM. Exposure and effects of persistent organic pollutants in European 
shag (Phalacrocorax aristotelis) hatchlings from the coast of Norway. Environ Toxicol Chem 2006a;25(1): 190-198. 

Murvoll KM, Skaare JU, Moe B, Anderssen E, Jenssen BM. Spatial trends and associated biological responses of 
organochlorines and brominated flame retardants in hatchlings of North Atlantic kittiwakes (Rissa tridactyla). Environ 
Toxicol Chem 2006b;25(6): 1648-1656. 

Norstrom RJ, Simon M, Moisey J, Wakeford B, Weseloh DVC. Geographical distribution (2000) and temporal trends 
(1981-2000) of brominated diphenyl ethers in Great Lakes herring gull eggs. Environ Sci Technol 2002;36: 4783-4789. 

OECD (Organization for Economic Co-operation and Development). Emission scenario document on plastics additives 
[Internet]. Paris (FR): OECD, Environment Directorate. 2004a. 
Availablefrom :http://www.olis.oecd.org/olOKis/2004doc.nsf/LinkTo/NT0000451A/$FILE/JT00166678.PDF. 

OECD (Organization for Economic Co-operation and Development). Manual for investigation of HPV chemicals. Paris 
(FR): OECD Secretariat. April 2003. Available from: 
http://www.oecd.org/document/710,2340,en_2649_34379_1947463_1_1_1_1,00.html. 

OECD (Organization for Economic Co-operation and Development).  Guidelines for the testing of chemicals. 
Guideline 307. Aerobic and anaerobic transformation in soil. Paris (FR): OECD, Environment Directorate. 2002. 17 pp. 

Parker RM. Testing for reproductive toxicity: In: Hood Rd, Editor. Developmental and reproductive toxicology. 2nd 
edition. CRC Press, Taylor&Francis group, Boca Ration, USA; 2006;435-487. 

PCKOCWIN. Organic Carbon Partition Coefficient Program for Windows Estimation Model, 2000. Version 1.66. 
Washington (DC): U.S. Environmental Protection Agency, Office of Pollution Prevention and Toxics; Syracuse (NY): 
Syracuse Research Corporation, USA. Available from: www.epa.gov/oppt/exposure/pubs/episuite.htm 

Peters RJB, Beeltje H, van Delft RJ. Xeno-estrogenic compounds in precipitation. J Environ Monit 2008;10: 760-769. 

Pritchard M, Fournel-Gigleux S, MacKanezie P, Magdalou J. A recombinant Phenobarbital-inducible rat liver 
UDPglucuronosyltransferase (UDP-glucuronosyltransferase 2B1) stably expressed in V79 cells catalyzes the 
glucuronidation of morphine, phenols and carboxylic acids. Mol. Pharmacol. 1994 ;45: 42–50. 

PWGSC-INAC-NCP. Northern Contaminants Program (NCP) Report II Sources of Occurrence, Trends and Pathways 
in the Physical Environment. QS-8525-002-EE-A1 2003. Available at http://www.ainc-
inac.c.ca/nth/ct/ncp/pubs.phy/phy-eng.asp 

Ramu K, Kajiwara N, Isobe T, Takahashi S, Kim EY, Min BY, We SU, Tanabe S. Spatial distribution and 
accumulation of brominated flame retardants, polychlorinated biphenyls and organochlorine pesticides in blue mussels 
(Mytilus edulis) from coastal waters of Korea. Environ Pollut 2007;148: 562-569. 

Rawn DFK, Sadler A, Lau BY, Ryan JJ. Hexabromocyclododecane (HBCD) in egg yolks from market bound 

Canadian chicken eggs, Organohalogen Compounds 2009;71: 1257 – 1261  

RIVM (The Netherlands Insitute for Fisheries Research). HBCD and TBBP-A in sewage sludge, sediments and biota, 
including interlaboratory study. Report No. C033/02. Authors: de Boer J, Allchin C, Zegers B, Boon JP, Brandsma SH, 
Morris S, Kruijt AW, van der Veen I, van Hesselingen JM, Haftka JJH. 2002 

RIVM (The Netherlands Insitute for Fisheries Research). Dietary intake of brominated flame retardants by the Ducth 
population. RIVM report 310305001/2003. Authors: de Winter-Sorkina R, Bakker MI, van Donkersgoed G, van 
Klaveren JD. 



UNEP/POPS/POPRC.6/13/Add.2 
 

 42 

Roos A, Nylund K, Häggberg L, Asplund L, Bergman A, Olsson M. Brominated flame retardants (BFR) in young grey 
seal males (Halicoerus grypus) from the Baltic Sea. Abstract from The Second International Workshop on Brominated 
Flame Retardants, May 14-16, Stockholm, Sweden. 2001; 337-341. 

Ronisz D, Finne EF, Karlsson H, Förlin L. Effects of the brominated flame retardants hexabromocyclododecane 
(HBCDD), and tetrabromobisphenol A (TBBPA), on hepatic enzymes and other biomarkers in juvenile rainbow trout 
and feral eelpout. Aquat Toxicol. 2004;69(3):229-45.  

Ryan, JJ, Wainman BC, Schecter A, Moisey J, Kosarac I and Sun WF .Trends of the brominated flame retardants, 
PBDEs and HBCD, in human milks from North America.Organohalogen Compd., 2006;68, 778–781. 

Schlabach M, Fjeld E, Borgen AR. Brominated flame retardants in Drammens River and the Drammensfjord, Norway. 
Abstract, The Third International Workshop on Brominated Flame Retardants, June 6-9, Toronto, Canada. 2004a; 
3779-3785. 

Schlabach M, Fjeld E, Gundersen H, Mariussen E, Kjellberg G, Breivik E. 2004b. Pollution of Lake Mjøsa by 
brominated flame retardants. Organohalogen Compd 2004b; 66: 3779-3785. 

Scottolini AG, Bhagavan NV, Oshiro TH, Abe SY. Serum high-density lipoprotein cholesterol concentrations in hypo- 
and hyperthyroidism. Clin Chem. 1980;26(5):584-7.  

Sellström U, Bignert A, Kierkegaard A, Häggberg L, de Wit CA, Olsson M, Jansson B. Temporal trend studies on 
tetra- and pentabrominated diphenyl ethers and hexabromocyclododecane in guillemot egg from the Baltic Sea. Environ 
Sci Technol 2003;37: 5496-5501. 

Seth R, Mackay D, Muncke J.. Estimating the organic carbon partition coefficient and its variability for hydrophobic 
chemicals. Environ Sci Technol 1999;33: 2390-2394. 

Smolarz K, Berger A. Long-term toxicity of hexabromocyclododecane (HBCDD) to the benthic clam Macoma balthica 
(L.) from the Baltic Sea. Aquat Toxicol. 2009;95 (3):239-47.  

Svobodova P M.Z. 2006. Brominated flame retardants in the environment: their sources and effects (a review). Acta 
Vet. Brno 2006; 75: 587–599. 

Swedish Environmental Protection Agency (Swedish EPA). Organic environmental pollutants in breast milk from 
Gothenburg, Sweden, 2001. Report 219 0108. Authors: Aune M, Barregård L, Claesson A, Darnerud PO. 2002, 10 pp. 

Swedish Environmental Protection Agency (Swedish EPA). Persistent organic pollutants (POP) in breast milk from 
primiparae women in Uppsala County, Sweden, 2002-2003. Livsmedelsverket, Uppsala, Sweden. Report 2150210 . 
Authors: Lignell S, Darnerud PO, Aune M, Törnkvist A. 2003, 9 pp. 

Swedish Environmental Protection Agency (Swedish EPA). Exponering för organiska miljökontaminanter via 
livsmedel. Livsmedelsverket, Uppsala, Sweden. Report 26. Authors: Lind Y, Darnerud PO, Aune M,Becker W. 2002; 
103 pp. 

Sweeting, RM, Eales, GJ. Thyroxine 5′′-monodeiodinase activity in microsomes from isolated hepatocytes of rainbow 
trout; effects of growth hormones and 3,5,3′triiodo-L-thyronine. Gen. Comp. Endocrinol. 1992;88: 169–177. 

TNO. Hazardous chemicals in precipitation. TNO Environment, energy ad Process Innovation. TNO Report 
R2003/198, 1-50. Netherlands, Netherlands Organization for Applied Scientific Research. 2003. Author: Peters RJB. 

TNO. Man-made chemicals in human blood. TNO ReportR2004/493. http://eu.greenpeace.org/downloads/chem/Blood-
chemical-footprints.pdf (2004). Author: Peters, RJB. 

Verreault J, Gabrielsen GW, Chu S, Muir DCG, Andersen M, Hamaed A, Letcher RJ. Flame retardants and 
methoxylated and hydroxylated polybrominated diphenyl ethers in two Norwegian Arctic top predators: glaucous gulls 
and polar bears. Environ Sci Technol 2005;39(16): 6021-6028. 

Verreault J, Gebbink WA, Gauthier LT, Gabrielsen GW, Letcher RJ. Brominated flame retardants in glaucous gulls 
from the Norwegian Arctic: more than just an issue of polybrominated diphenyl ethers. Environ Sci Technol 
2007a.;41(14): 4925-4931. 

Verslycke TA, Vethaak AD, Arijs K, Janssen CR. Flame retardants, surfactants and organotins in sediment and mysid 
shrimp of the Scheldt estuary (The Netherlands). Environ Pollut 2005;136: 19-31. 

Viberg H, Fredriksson A, Eriksson P. Neonatal exposure to polybrominated diphenyl ether (PBDE 153) disrupts 
spontaneous behaviour, impairs learning and memory, and decreases hippocampal cholinergic receptors in adult mice. 
Toxicol Appl Pharmacol. 2003;192(2):95-106.  



UNEP/POPS/POPRC.6/13/Add.2 
 

 43

Watanabe W, Shimizu T, Sawamura R, Hino A, Konno K, Hirose A, Kurokawa M. Effects of tetrabromobisphenol A, a 
brominated flame retardant, on the immune response to respiratory syncytial virus infection in mice. Int 
Immunopharmacol. 2010;10(4):393-7.  

WIL. (WIL Research Laboratories, Inc, Ashland, Ohio). A 28-day repeated dose oral toxicity study of HBCD in rats. 
USA.1997; Author: Chengelis CP. 925 pp.  

WSKOWWIN. Water Solubility for Organic Compounds Program for Microsoft Windows Estimation Model., Version 
1.41. Washington (DC): U.S. Environmental Protection Agency, Office of Pollution Prevention and Toxics; Syracuse 
(NY): Syracuse Research Corporation. 2000. Available from: www.epa.gov/oppt/exposure/pubs/episuite.htm 

WWF-UK (World Wildlife Fund, United Kingdom). National Biomonitoring Survey 2003, Thomson GO, Hodson S, 
Jones KC. Appendix 3: Lancaster University Analytica report, November 2003 

WWF (World Wildlife Fund). Detox Campaign. Chemical check-up: An analysis of chemicals in the blood of members 
of European Parliament, April 2004;52-91. http://www.wwf.dk/db/files/checkupmain_3.pdf. 

Zennegg M, Kohler M, Gerecke AC, Schmid P. Polybrominated diphenyl ethers in whitefish from Swiss lakes and 
farmed rainbow trout. Chemosphere 2003;51: 545-553. 

Zennegg M, Brändli RC, Kupper T, Bucheli TD, Gujer E, Schmid P, Stadelmann FX, Tarradellas J. PCDD/Fs, PCBs, 
PBDEs, TBBPA and HBCD in compost and digestate. Abstract. Dioxin 2005, August 21-26, Toronto, Canada. p. 1040-
1043. 

Ziegler E, Anderson B, Haworth S, Lawlor T, Mortelmans K, Speck W. Salmonella mutagenicity tests III. Results from 
the testing of 255 chemicals. Environ Mol Mutagen 1987;9(suppl. 9):1–10. 

Zitko V. Expanded polystyrene as a source of contaminants. Marine Pollution Bulletin 1993;26: 584-585. 

 

_______________ 

 


