
 

K1352158 180713 

UNITED 
NATIONS 

 
SC

UNEP/POPS/POPRC.9/2 

 

Stockholm Convention 
on Persistent Organic 
Pollutants 

Distr.: General 
6 June 2013 

Original: English 

Persistent Organic Pollutants Review Committee 
Ninth meeting 
Rome, 14–18 October 2013 
Item 7 (a) of the provisional agenda* 

Consideration of chemicals newly proposed for inclusion 
in Annexes A, B and/or C to the Convention: 
decabromodiphenyl ether (commercial mixture, 
c-decaBDE) 

Proposal to list decabromodiphenyl ether (commercial mixture, 
c-decaBDE) in Annexes A, B and/or C to the Stockholm 
Convention on Persistent Organic Pollutants 

  Note by the Secretariat 

1. The annex to the present note contains a proposal submitted by Norway to list 
decabromodiphenyl ether (commercial mixture, c-decaBDE) in Annexes A, B and/or C to the 
Convention pursuant to paragraph 1 of Article 8 of the Convention. The proposal is being circulated as 
submitted and has not been formally edited. The Secretariat’s verification of whether the proposal 
contains the information specified in Annex D is discussed in document 
UNEP/POPS/POPRC.9/INF/8. 

  Possible action by the Committee 

2. The Committee may wish: 

(a) To consider the information provided in the present note; 

(b) To decide whether it is satisfied that the proposal fulfils the requirements of Article 8 
of and Annex D to the Convention; 

(c) To develop and agree on, if it decides that the proposal fulfils the requirements referred 
to in paragraph 2 (b) above, a workplan for preparing a draft risk profile pursuant to paragraph 6 of 
Article 8.  

                                                           
* UNEP/POPS/POPRC.9/1. 
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Annex 

Proposal to list decabromodiphenyl ether (commercial mixture, 
c-decaBDE) in Annexes A, B and/or C to the Stockholm Convention 
on Persistent Organic Pollutants 

 1. Introduction  

1. Commercial decabromodiphenyl ether (c-decaBDE) is widely used as an additive flame 
retardant in textiles and plastics. It is a synthetic mixture of polybrominated diphenyl ethers, with the 
main component being the fully brominated congener decaBDE.  

2. The nomination report specifically addresses the information requirements and screening 
criteria of paragraph 1 and 2 in Annex D in the Stockholm Convention on Persistent Organic 
Pollutants and summarizes relevant evidence relating to the screening criteria for persistence, 
bioaccumulation, adverse effects and long-range transport. Some additional information relating to 
paragraph 3 of Annex D is also provided. The report is based on existing risk assessments in the EU 
and North America. In addition more recent literature from peer-reviewed scientific journals is 
included.  

 2. Chemical identity  

3. The nomination concerns commercial decabromdiphenyl ether; c-decaBDE. The commercial 
mixture consists primarily of the fully brominated decaBDE congener in a concentration range of 
77.4-98 %, and smaller amounts of the congeners of nonaBDE (0.3-21.8 %) and octaBDE (0-0.04 %) 
(ECHA 2012 a, US EPA 2008). The range reflects differences in the composition of c-decaBDE 
mixtures available (ECHA 2012 a, UK Environment Agency 2009, US EPA 2008). Trace amounts of 
other compounds, thought to be hydroxybrominated diphenyl compounds can also be present as 
impurities, whereas total tri-, tetra-, penta-, hexa- and heptaBDEs are typically present at 
concentrations below 0.0039 % w/w (EC 2002, ECHA 2012 a). In this document the term decaBDE 
alone refers to the single fully brominated PBDE, also denoted as BDE-209. 

4. The chemical data on decaBDE are presented in Figure 1 and in Tables 1 and 2 below (ECHA 
2012 a). 

Figure 1. Structural formula 
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Table 1. Chemical identity  

CAS number: 1163-19-5 

CAS name: Benzene, 1,1'-oxybis[2,3,4,5,6-pentabromo-] 

IUPAC name: 1,1'-Oxybis(pentabromobenzene) 

EC number: 214-604-9 

EC name: Bis(pentabromophenyl) ether 

Molecular formula: C12Br10O 

Molecular weight: 959.2 g/mole 

Synonyms: decabromodiphenyl ether; decabromodiphenyl oxide; bis(pentabromophenyl) oxide; 
decabromo biphenyl oxide; decabromo phenoxybenzene; benzene 1,1’ oxybis-, 
decabromo derivative; decaBDE; DBDPE1; DBBE; DBBO; DBDPO 

Trade names  
 

commercial decaBDE mixture, technical decaBDE, technical DeBDE, BDE-209, 
DE-83R, Bromkal 82-ODE, Bromkal 70-5, Saytex 102 E 

1DBDPE is also used as an abbreviation for Decabromodiphenyl Ethane CAS no. 84852-53-9. 

 

Table 2. Overview of relevant physicochemical properties   

Property Value Reference 

Physical state at 20°C and  
101.3 kPa 

Fine, white to off-white crystalline 
powder 

EC (2002) 

Melting/freezing point 300-310°C Dead Sea Bromine Group, 
1993, cited in EC (2002) 

Boiling point Decomposes at >320°C Dead Sea Bromine Group, 
1993, cited in EC (2002) 

Vapour pressure 4.63×10-6 Pa at 21°C Wildlife International Ltd, 
1997, cited in EC (2002) 

Water solubility <0.1 µg/l at 25°C (column elution 
method) 

Stenzel and Markley, 1997, 
cited in EC (2002) 

n-Octanol/water partition coefficient, 
Kow (log value) 

6.27 (measured – generator column 
method)  
9.97 (estimated using an HPLC 
method)  

MacGregor & Nixon, 1997, 
and Watanabe & 
Tatsukawa, 1990, 
respectively, cited in EC 
(2002) 

Octanol-air partition coefficient Koa 
(log value) 

13.1  Kelly et al. 2007 

 3. Global consumption and use 

5. DecaBDE is a general purpose additive flame retardant which is compatible with a wide variety 
of plastics/polymers and textiles. Flame retardants inhibit the ignition of materials and slow the rate at 
which flames spread. Additive flame retardants are physically combined with the material whereas 
reactive flame retardants are chemically combined. The versatility of decaBDE has resulted in a range 
of end uses, leading to a complex life cycle. In plastics, c-decaBDE is used for electrical and electronic 
equipment in housings of computers and TV sets, in the transportation and aeronautic sectors and in 
construction and building, such as wires and cables, pipes and carpets (BSEF 2013). In textile 
applications, decaBDE is used in contract textiles, mainly for public buildings and transport and in 
domestic furniture textiles in countries with stringent fire safety regulations (BSEF 2013). 

6. According to the global demand reported by the industry c-decaBDE was the second largest 
brominated flame retardant and the major PBDE mixture on the market in 2001 (BSEF 2006 as cited 
in AMAP 2009). The most recent data from member companies of the European Flame Retardants 
Association (EFRA) indicates that in 2010, 7,500 – 10,000 tons of commercial decaBDE were sold in 
the EU (VECAP 2011). The figures do not include decaBDE imported in preparations or articles. The 
production/import volume in US of decaBDE is reported to be in the range of 50-100 million lbs 
(25,000 – 50,000 tons) in 2002 and in 2006 (US EPA Inventory Update Reporting as cited in 
Klosterhaus et al. 2012). Among the Asian countries, c-decaBDE is produced mainly in China, where 
its production was up to 13,500 tons per annum in 2001 and up to 30,000 tons in 2005 (Xia et al. 2005, 
Zou et al. 2007). According to a market research report by Freedonia in 2010 on the world flame 
retardants industry the world demand for flame retardant additives is forecast to rise 6.1 percent per 
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year to 2.2. million metric tons in 2014. This is partly due to more stringent safety requirements and 
more flammable materials. The Asia/Pasific region will continue to be the largest and fastest-growing 
market for flame retardants through 2014, accounting for nearly half of the world demand (Freedonia 
2010). 

 4. National and international administrative actions on decaBDE 

7. DecaBDE has been under scrutiny for its potential health and environmental impacts for a 
longer time, both within the scientific community and among regulators. At present several 
environmental and health risk/hazard assessments of decaBDE have been independently conducted on 
the international, regional and national levels. This has resulted in risk reduction measures in several 
countries.  

8. Already in 1986 the German Chemicals Industry Association (VCI) voluntarily agreed to 
discontinue the use of decaBDE because of concerns about the potential for brominated dioxins/ 
furans emissions from incomplete combustion (ECHA 2012 c). Later in 2008 the EU launched the ban 
on the use of decaBDE in electrical and electronic equipment through the Restriction of Hazardous 
Substances in Electrical and Electronic Equipment Directive (RoHS). Recently (December 2012) 
decaBDE was identified as a PBT substance (persistent, bioaccumulative and toxic) and a vPvB 
substance (very persistent, very bioaccumulative) and was adopted to the Candidate List of substances 
of very high concern (SVHCs) under the Registration, Evaluation, Authorisation and Restriction of 
Chemicals Regulation (REACH) in EU (ECHA 2012 b). According to OECDs compilation of risk and 
hazard information for PBDEs, Switzerland has harmonized their regulations on the use of decaBDE 
in electrical and electronic equipment with the EU RoHS directive (OECD 2008). In 2008 a national 
ban came into force in Norway on production, import, export, use and the placing on the market of 
decaBDE. The ban includes all uses except in transportation.  

9. In North America the first restriction was adopted in Canada in 2008 with a ban on 
manufacture of PBDEs, including decaBDE, under the The Polybrominated Diphenyl Ethers 
Regulations (Environment Canada 2008). In August 2010, Environment Canada and Health Canada 
published a Final Revised Risk Management Strategy for PBDEs which reiterated the objective of 
reducing the concentration of PBDEs in the Canadian environment to the lowest level possible. This 
resulted in agreement with three large worldwide producers of decaBDE to voluntarily phase-out the 
export of decaBDE to Canada. The voluntary agreement included a phase-out of DecaBDE exports 
and sales for electrical and electronic equipment by the end of 2010, for transportation and military 
uses by the end of 2013 and for all other uses by the end of 2012 (Environment Canada 2010 b). 
Canadian authorities recently announced that they are consulting on plans to extend the current 
manufacturing restriction on polybrominated diphenyl ethers (PBDEs) to ban the use, sale and import 
of all PBDEs in the country. According to the announcement, Environment Canada is also considering 
a ban on PDBE use in products (Environment Canada 2010 b). Final regulatory controls are targeted 
for adoption in 2013 (BSEF 2013). From 2009, as the result of negotiations with US Environmental 
Protection Agency (EPA), three large US producers of decabromodiphenyl ether (decaBDE) 
announced commitments to phase out decaBDE. The companies have committed to end production, 
importation, and sales of decaBDE for most uses in the United States by December 31, 2012, and to 
end all uses by the end of 2013 (US EPA 2013). In addition limited bans have been adopted by four 
states in US, Washington, Oregon, Vermont and Maine (BSEF 2013). 

10. In Asia limited restrictions have been adopted in China, India and Korea. In the revision of the 
Chinese RoHS legislation (Administrative Measure on the Control of Pollution Caused by Electronic 
Information Products) a restriction on the use of DecaBDE for printers, mobile and fixed phones was 
adopted (BSEF 2013). Korea implemented a law in 2008 which covers end-of-life and restrictions on 
electronic products and vehicles. Exemptions, limit values and restricted substances are the same as 
the EU RoHS Directive. But DecaBDE is exempted from the list of hazardous substances in polymeric 
applications under the Recycling of Resource in Electronic Equipment and Automobiles’ Regulation 
(BSEF 2013).  

11. In India, the e-waste (management and handling) Rules came into effect in May 2012. The 
chapter on the Restriction of hazardous substances under the e-waste rules restricts the use of PBDEs 
in electric equipment (BSEF 2013). 
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 5. Information on decaBDE in relation to the POP screening criteria  

 5.1 Persistence  

12. The high persistency of decaBDE in soil and sediment is demonstrated in several studies and 
appears to be dependent on slow biodegradation processes and reliance on photodegradation in those 
matrixes (ECHA 2012 a; and references therein, Environment Canada 2010 a; and references therein). 
Furthermore, hydrolysis is unlikely to be a relevant degradation process in the environment, explained 
by the very low water solubility of decaBDE, < 0.1 ug/l at 25 °C, and that the molecule does not 
contain any functional groups that are readily susceptible to hydrolysis (ECHA 2012 a). 

13. The extrapolated primary degradation half-life in sludge-amended soil under both aerobic and 
anaerobic conditions was found to be >360 days assuming exponential decay (Nyholm et al. 2010 and 
Nyholm et al. 2011, as cited in ECHA 2012 a). Liu et al. (2011 a) concluded no degradation of 
decaBDE after 180 days in soil samples spiked with decaBDE. Using bacterial cultures for testing, He 
et al. (2006) found no decaBDE degradation in soil for up to one year with three of the four bacterial 
strains tested. However, after incubation with the fourth type of bacteria, decaBDE was no longer 
detectable in the culture after 2 months incubation. The study shows that decaBDE biodegradation in 
soil and other environmental compartments can be influenced by the types of bacteria present.  

14. Depending on the experimental conditions used for testing, environmental half-lives of 
decaBDE in sediment are reported to range from hours to months and even years in the literature 
(ECHA 2012 a; and references therein). Two studies on freshwater sediments show that decaBDE has 
the potential to photodegrade relatively quickly in the aquatic environment (Tysklind et al. 2001, 
Søderstrøm 2003). Reported degradation half-lives in these studies were 100 hours and 53 hours, 
respectively (Tysklind et al. 2001, Søderstrøm 2003). But under other conditions, in deep sea 
sediments, where light attenuation and matrix shielding would affect overall exposure to sunlight and 
potential for photodegradation, the persistency of decaBDE appears to be high. The longest half-life in 
sediment is reported by Tokarz et al. (2008) who by conducting a laboratory microcosm experiment 
over a period of 3.5 years at 22°C under dark conditions found the half-life of decaBDE to range 
between 6 and 50 years, with an average of around 14 years.  

15. Noteably, according to the recent Canadian and European assessments of decaBDE it can be 
concluded that there is a high probability that decaBDE is debrominated in the environment to 
substances which themselves have persistent organic pollutants (POP) properties, or act as precursors 
to such substances (Environment Canada 2010 a, ECHA 2012 a and b). Degradation under 
environmentally realistic conditions in sediments and in aerobic soil in the presence of plants have 
been shown to lead to the formation of octaBDEs, nonaBDEs and listed POPs, such as tetra- to 
heptaBDE congeners (ECHA 2012 a; and references therein). In the EU assessment it was concluded 
that there is a high probability that decaBDE is debrominated in soil and sediments to such substance, 
in individual amounts greater than 0.1% over timescales of a year (ECHA 2012 a and b).  The high 
persistence combined with wide distribution in the environment creates a high potential for lifetime 
exposure and uptake in organisms, and a pool of the substance in many localities that will act as a 
long-term source of degradation products through both abiotic and biotic transformation (ECHA 2012 
a).  

16. Debromination within biota is concluded to be an important additional pathway for the 
formation of lower brominated congeners in the EU and Canadian assessments (ECHA 2012 a and b, 
Environment Canada 2010 a). Existing evidence from field and laboratory studies show that 
debromination of decaBDE occurs in fish, birds and mammals (Environment Canada 2010 a; and 
references therein, ECHA 2012 a; and references therein). Fish can take up decaBDE in their diet, and 
transform it into at least hexa- and heptaBDEs. The yield of the hepta- and hexaBDE metabolites is 
generally low (typically below 5% of the absorbed decaBDE dose in the various studies) and the 
actual amounts are small, but the formation of precursors (octa- and nona-BDEs) is more extensive 
and these could provide an ongoing source over longer time periods to lower brominated PBDEs 
(ECHA 2012 a and b). In vitro studies suggest a similar metabolite profile in bears, whales and seals 
(ECHA 2012 a). Birds might be able to debrominate decaBDE to at least octaBDEs  (ECHA 2012 a).  

  Conclusion on persistence according to the Criteria of Annex D  

17. DecaBDE fulfills the criteria for persistence with half-lives in soil and sediment greater than six 
months (180 days). 
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 5.2 Bioaccumulation  

18. DecaBDE has been detected in the tissues of a large number of species – including 
zooplankton, fish, aquatic and terrestrial invertebrates, birds and mammals worldwide (ECHA 2012 a, 
Environment Canada 2010 a, Daso et al. 2013, Koenig et al. 2013, Chen and Hale 2010, de Wit et al. 
2010, Law et al. 2008). But it has been difficult to draw firm conclusions from the scientific 
information on bioaccumulation potential of decaBDE that has been considered in previous 
assessments by ECHA and Environment Canada (ECHA 2012 a, Environment Canada 2010 a). 
Nevertheless, more recent data and data not considered in the previous assessments shows a high 
potential for decaBDE to bioaccumulate (Wu et al. 2008, He et al. 2012, La Guardia et al. 2012, 
Jenssen et al. 2007, Mo et al. 2012, Yu et al. 2011, Wu et al. 2009 a, Yu et al. 2012, Kelly et al. 2007, 
Yi et al. 2013).  

19. The log octanol-water partition coefficient (log Kow) for decaBDE reported in the literature are 
high and ranges from 6.27 to 12.11 (Dinn et al. 2012, Tian et al. 2012, US EPA 2011, Kelly et al. 
2007, Environment Canada 2006).  The bioconcentration factor (BCF) has been calculated to be 
<3000 (CITI 1992). But due to the low water solubility (<0.1 µg/l at 25°C) this value was considered 
to be uncertain in the assessments undertaken by ECHA and Canada (EC 2002, EC 2007, ECHA 2012 
a, Environment Canada 2010a).  Even so BCF in fish for decaBDE was considered to be less than 
5000 (ECHA 2012 a, Environment Canada 2010 a). This was considered to be underpinned by the fact 
that the maximum BCF value has been estimated to be equal to 2000 L/kg for substances with a log 
Kow higher than 9.3. 

20. The BCF value represents uptake of chemical molecules from water to organisms by passive 
diffusion through cell membranes. This exposure route, is believed to be less important for decaBDE 
(Booij et al. 2002, Shaw et al. 2009, Kelly et al. 2007), due to its large molecular size (959.2 g/mole). 
The most important exposure route for decaBDE in aquatic food webs is through diet (Booij et al. 
2002, Shaw et al. 2009, Kelly et al. 2007). The accumulated levels of decaBDE in sediment-associated 
organisms and filter feeders (mussels, zoo plankton, crustacean, flat fishes, benthic invertebrates and 
aquatic worms) have been interpreted to be the result of digestion of particles. Passive diffusion was 
considered to contribute to only a smaller fraction of the detected levels (La Guardia et al. 2012, Wang 
et al. 2009, Shaw et al. 2009). Only a small fraction of the molecules of DecaBDE dissolve in water 
and the larger fraction of the molecules are strongly associated with particles, (Booij et al. 2002; Shaw 
et al. 2009; Dinn et al. 2012).  Therefore, when considering the bioaccumulative behaviour of 
decaBDE calculated or measured bioaccumulation factors (BAFs), biomagnification factors (BMFs) 
and trophic magnification factors (TMFs) are believed to give more relevant information than 
calculated or measured BCFs (Booij et al. 2002, Shaw et al. 2009, Kelly et al. 2007, Powell et al. 
2013). 

21. The lipid normalised values for logBAF for fish reported in the literature range between 
4.06-6.7 (Wu et al. 2008 as cited in Mansouri et al. 2012, He et al. 2012, La Guardia et al. 2012). A 
logBAF>3.7 corresponds to BAF>5000 (He et al. 2012, Environment Canada 2010 a). In the 
evaluation done by Canada the relationship between logBAF and BAF is explained more thoroughly 
(Environment Canada 2010 a). These data have not been considered for decaBDE in the previous 
assessments (Environment Canada 2010 a; ECHA 2012 a). The previous assessments underlined that 
the levels of decaBDE usually found in the biota is one magnitude lower than for other 
polybrominated diphenyl ethers, suggesting a low bioaccumulation potential for decaBDE. Important 
to note is however that the logBAFs reported for decaBDE in the literature fulfil the criteria on 
bioaccumulation in fish in Annex D of the Convention (BAF>5000), even though some of them were 
lower than for other brominated diphenyl ethers measured in the same species (Wu et al. 2008 as cited 
in Mansouri et al. 2012, He et al. 2012, La Guardia et al. 2012). 

22. The measured BMFs and TMFs from field data shows that decaBDE can biomagnify in several 
aquatic and terrestrial organisms and food webs (BMFs >1and TMF>1). The BMFs reported in the 
scientific literature range between 1.4-7 in terrestrial organisms and food webs (Yu et al. 2011, Wu et 
al. 2009 a) and between 0.02-34 in aquatic organisms and food webs (Jenssen et al. 2007, Mo et al. 
2012, Environment Canada 2010 a; and references therein). In aquatic food webs TMF values range 
between 0.2 – 10.4 (Wu et al. 2009b, Yu et al. 2012, Wu et al. 2008a, Jenssen et al. 2007, 
Environment Canada 2010 a; and references therein). Most of the above reported BMFs and TMFs for 
decaBDE have all been calculated using muscle (fish, mammals, birds), whole body (bivalves, 
zooplankton, fish) or adipose samples (fish and mammals). The differences between the BMFs and 
TMFs reported may depend on interspecies differences, diet, exposure and gender, length and type of 
food chain etc. They will also differ depending on if they are measured for whole body or in different 
organs and if they are lipid-normalised or not. 
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23. Furthermore, some data available suggests a higher potential for biomagnification of decaBDE 
in terrestrial than in aquatic organisms (Christensen et al. 2005, Chen and Hale 2010, Jaspers et al. 
2006, Voorspoels et al. 2006 a). But Kelly et al. (2007) have studied the accumulation behaviour of 
different chemicals in a piscivourous, terrestrial and marine mammal food web in more detail by using 
modelling and field observations.  They found that the biomagnification of decaBDE occurred in all 
three food webs investigated. The results showed a higher BMF for terrestrial carnivores and humans 
(BMF=8) than for marine mammals (BMF=3). The lowest BMF was found in terrestrial herbivores 
and water-respiring organisms (BMF=1). More specifically the findings by Kelly et al. 2007 indicated 
that substances like decaBDE, with a high log Kow of 9.9 (>5), are absorbed at very slow rates by 
aquatic organisms (Mörck et al. 2003, Stapleton et al. 2004, Kierkegaard et al. 1999). While they in 
air-breathing animals may be accumulated to a larger degree due to slow respiratory elimination and 
slow elimination in urine and nitrogenous wastes explained by a high log octanol-air partition 
coefficient (log Koa) of 13.1 ( >6).  

24. In addition almost all of the studies with no findings of biomagnification potential of decaBDE 
in fish and mammals have been based on detected levels of decaBDE in muscles or adipose tissue 
and/or have been lipid normalised. Those studies may have underestimated the biomagnification 
potential of decaBDE, since decaBDE appears to associate more with blood-rich tissues, and is 
predominately found in liver, to some extent in blood and to a lesser extent in muscles and adipose 
tissue (Wu et al. 2009 a, Voorspoels et al. 2006 b, Wang et al. 2011 b, Yi et al. 2013).  

25. The potential of biotransformation of decaBDE to more toxic and bioaccumulative metabolites 
was considered to be of high concern in the assessments of decaBDE in Canada and EU and a valid 
reason for restrictions of the use and production of c-decaBDE. The debromination of decaBDE to 
already listed POPs, hexa- and heptaBDE, in the biota were considered to be confirmed by the large 
range of field studies and laboratory studies investigating biotransformation in the wild and in 
controlled laboratory settings (Environment Canada 2010 a, ECHA 2012 a and b). Recent scientific 
findings add to the concern regarding the bioaccumulation potential of decaBDE and debromination in 
organisms in the environment, since they show that the accumulation of decaBDE can lead to adverse 
effects in vulnerable life stages of mammals, fish and amphibians (Chen et al. 2012, He et al. 2011, 
Noyes et al. 2011). The levels used in the experiments were comparable to levels in more polluted 
areas (Zhang et al 2011 a; Wang et al. 2011). The reported debromination products were lower 
brominated diphenyl ethers, such as nona- and octaBDE (Chen et al. 2012, He et al. 2011) and hepta- 
and hexaBDE (Noyes et al. 2011, He et al. 2011). The study by He et al. (2011) showed that long-term 
chronic exposure to low doses of decaBDE can have adverse effects on reproductive performance in 
fish and the behaviour in their offspring. Moreover, accumulation of decaBDE and transfer to 
offspring has been demonstrated in studies of the accumulation of decaBDE in amphibians (Wu et al. 
2009 a) and mammals (Zhang et al. 2011 c). The findings by Wu et al. (2009 a) showed a relatively 
high biomagnification (BMF=7) of decaBDE from insects to female frogs followed by a 
mother-to-egg transfer.  

  Conclusion on bioaccumulation according to the criteria in Annex D 

26. Based on the weight of evidence decaBDE fulfils the criteria on bioaccumulation under Annex 
D of the Convention. 

 5.3 Potential for long-range environmental transport 

27. As a testament of its potential for long-range environmental transport, decaBDE is found in 
various environmental compartments in the Arctic including air, sediment, snow, ice and biota 
(Meyer et al. 2012, Hermanson et al. 2010, Su et al. 2007, Knudsen et al. 2006, Bakke et al. 2008, 
Tomy et al. 2008, Tomy et al. 2009, Breivik et al. 2006, de Wit et al. 2006 and 2010, Hung et al. 2010, 
Letcher et al. 2010, AMAP 2009, Environment Canada 2010 a).  Several studies have reported that 
decaBDE is the predominant or one of the dominating PBDEs in Arctic air (Wang et al. 2005, Möller 
et al. 2011, Meyer et al. 2012, Hermanson et al. 2010, Hung et al. 2010, Su et al. 2007). DecaBDE 
deposited to the Arctic environment is bioavailable to the organisms living there and fount to be 
widespread in the Arctic food webs (de Wit et al. 2006 and 2010, Environment Canada 2010 a). 
Biological samples from the Arctic contaminated by decaBDE include a variety of species spanning 
different trophic levels of terrestrial and aquatic food chains (de Wit et al. 2010). Arctic samples 
contaminated with decaBDE include vegetation, birds of prey, seabirds and seabird eggs, marine and 
freshwater fish, different amphipods, zooplankton, shrimps and clams, terrestrial and marine mammals 
(de Wit et al. 2006 and 2010, Tomy et al. 2008). Biomonitoring of Arctic biota have demonstrated 
increasing decaBDE levels in some Arctic species such as the peregrine falcon. The increasing levels 
were monitored in eggs from southwestern Greenland collected from 1986 to 2003 (Vorkamp et al. 
2005). Biomonitoring data have also shown that decaBDE can contribute significantly to the total 
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body burden of PBDEs in Arctic species. DecaBDE has for example been reported to account for > 
50% of total BDE burden in the detritus feeding ice-amphipod Gamarus wilkitzkii (Sørmo et al. 2006) 
and 60% in redfish and 75% in arctic cod (Tomy et al. 2008).  DecaBDE is also the predominant 
congener in moss samples, and when present also in moose samples (Mariussen et al. 2008). 

28. DecaBDE has an estimated atmospheric half-life of 94 days in air according to calculations 
from the chemical structure using the Syracuse Research Corporation AOP program and assuming a 
hydroxyl radical concentration of 5.105 molecule/cm3 decaBDE (EC 2002). The monitored levels of 
decaBDE in the Arctic atmosphere together with studies showing a significant deposition on Arctic ice 
(Hermanson et al. 2010) and snow (Meyer et al. 2012) further underlines the potential of decaBDE to 
undergo long-range transport to remote regions. For example, in a study assessing a total of 19 
different brominated flame retardants in ice cores samples from the Norwegian Arctic, decaBDE was 
found to provide the second greatest share of the deposition of brominated flame retardants from air to 
the Arctic ice (Hermanson et al. 2010). The deposition rate for decaBDE was found to be 320 pg/ cm/ 
year in the period 1995-2005 (Hermanson et al. 2010). The deposition of decaBDE was surpassed only 
by HBCD, and was substantially higher than for other PBDEs (Hermanson et al. 2010). Adding to this, 
temporal trend data show that the levels of decaBDE in the Arctic atmosphere are increasing with a 
doubling time in the range of 3.5-6.2 years (Su et al. 2007, Hung et al. 2010).  

29. Both oceanic and atmospheric processes contribute to the environmental transport of decaBDE  
(Su et al. 2007, Möller et al. 2011, Breivik et al. 2006), but atmospheric particle transport is believed 
to be the main mechanism behind the long-range environmental transport of decaBDE. In the 
atmosphere, decaBDE is predicted to sorb almost entirely to atmospheric particles. Its atmospheric 
long-range transport therefore appears to be controlled by the atmospheric mobility of the particles to 
which it is attached (Breivik et al. 2006, Wania and Dugani 2003). Finer particles (with a diameter 
around a few micrometres) might remain airborne for hours or days, provided that they are not 
removed by wet deposition (Wilford et al. 2008, Meyer et al. 2012). The deposition of air borne 
particles is found to be higher during the Arctic haze season (Su et al. 2007, AMAP 2009). 
Furthermore it is found that the particles can shield the decaBDE molecule from photolysis and 
lengthens its life-time in the air to > 200 days (Breivik et al. 2006, Raff and Hites 2007 as cited in de 
Wit et al. 2010).  

  Conclusion on long-range transport according to the criteria in Annex D 

30. The estimated half-life in air for decaBDE and its wide occurrence in the Arctic fulfill the 
criteria for long-range transport in Annex D to the Stockholm Convention.  

 5.4 Adverse effects  

31. National- and regional assessments conducted independently by the EU, the United Kingdom, 
Canada and US have evaluated the potential for decaBDE to induce adverse effects in wild organisms 
and humans (e.g. EC 2002, EC 2004, EC 2008, UK Environment Agency 2009, ECHA 2012 a, Health 
Canada 2006, Health Canada 2012, US EPA 2008, EFSA 2011). The toxicity of decaBDE has also 
been the topic of several scientific papers and reviews (see e.g. Dingemans et al. 2011, Chen and Hale 
2010, Costa and Giordano 2011). In the available literature adverse effects are reported for soil 
organisms, birds, fish, frog, rat, mice and humans. The effects range from changes at biochemical- and 
cellular level to effects which may have implications at higher-levels of biological organization 
including survival, growth and reproduction. In both wild organisms and humans early developmental 
stages appears more vulnerable to decaBDE exposure than adults. In vertebrates, the liver, the thyroid 
hormone axis and the nerve system appears to be the main targets for decaBDE toxicity. 

32. Although adverse effects have been reported, shortage of data makes it difficult to draw firm 
conclusions regarding the toxicity of decaBDE to soil organisms and plants (Xie et al. 2013, Xie et al. 
2011, Zhu et al. 2010, Liu et al. 2011 b, Zhang et al. 2012,  for overview see ECHA 2012 a). The 
available scientific literature provides no evidence of adverse effects to plants, but demonstrates that 
debromination products are detected in plants and soil following decaBDE exposure (ECHA 2012 a). 
A recently published study suggest that earthworm embryos or juveniles may be susceptible to adverse 
effects and that exposure during early developmental phases can lower the number of juveniles 
hatched per cocoon (Xie et al. 2013). Other scientific studies have shown that decaBDE both alone 
and in combination with copper, another typical contaminant of soil linked to releases from recycling 
plants processing e-waste, can affect enzymatic activity in soil and alter the bacterial community 
structure by reducing species richness (Zhu et al. 2010, Liu et al. 2011 b, Zhang et al. 2012). The study 
was conducted with decaBDE levels that are within the range of reported levels in contaminated soil.  

33. Data on avian toxicity are scarce, but raises concerns for possible adverse effects (see reviews 
by Chen and Hale 2010 and ECHA 2012 a). More specifically, only one study to date has assessed the 
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toxicity of decaBDE in birds (Sifleet 2009). This study found a mortality of up to 98 % in chicken 
eggs injected with decaBDE. Birds are however also reported to metabolize decaBDE to lower 
brominated PBDEs, including the POP-BDEs, hexa-, hepta-, tetra- and pentaBDEs  (Van den Steen al. 
2007, ECHA 2012 a; and references therein). Exposure to lower brominated PBDEs in birds have been 
associated with immunomodulatory changes, developmental toxicity, altered reproductive behavior, 
reduced fertility and reproductive success (Chen and Hale 2010, POPRC 2007). According to the 
assessment undertaken by the EU (ECHA 2012 a), the decaBDE concentrations typically found in bird 
eggs in the wild are only around 2-10 times lower than the concentrations that according to Sifleet 
(2009) was observed to induce significant mortality (ECHA 2012 a). The reported concentrations in 
bird eggs are typically in the range of 1-100 μg/kg ww, but concentrations up to about 420 μg/kg ww 
have been reported. Hence the margin between exposure levels in wild birds and observed effect levels 
is not high, especially considering that the study by Sifleet (2009) does not take account of potential 
sub-lethal effects, and that the author noted that additional decaBDE would likely have been 
assimilated following hatching and resorption of the remaining yolk. With the exception of the study 
by Sifleet et al. (2009) and one controlled debromination study by Van den Steen et al. (2007) most 
other available data are from wild birds who, according to Chen and Hale (2010) exhibit some of the 
highest concentrations of decaBDE ever reported in wildlife. Terrestrial feeding birds appear to exhibit 
elevated decaBDE levels in comparison to birds preying on fish, and may hence be at greater risk of 
experiencing adverse effects (Chen and Hale 2010).  

34. DecaBDE has limited solubility in water and early hazard assessments of decaBDE suggested 
that it was not likely that significant acute or chronic toxic effects would occur in aquatic organisms at 
concentrations up to the limit of water solubility (e.g. EC 2002, EC 2004, EC 2007, UK Environment 
Agency 2009). However, as concluded in the most recent EU assessment new studies documenting 
adverse effects on important biological endpoints including reproduction, development, nervous 
system, endocrine system, growth and fitness, raise concerns for adverse effects also to aquatic 
organisms (ECHA 2012 a). More specifically, controlled feeding studies with fathead minnows 
conducted at environmentally relevant concentrations have shown that decaBDE may interfere with 
thyroid hormone system in juvenile fish (Noyes and Stapleton 2010, Noyes et al. 2011). This is 
supported by findings by Chen et al. (2012). Chen et al. (2012) moreover observed significant 
decreases in body weight and survival rate of zebrafish larvae exposed to decaBDE. Based on 
measurements of otolith increment widths there are also indications that decaBDE may affect growth 
rates in fish at environmentally relevant range of decaBDE exposure levels found in sediment 
(Kuo et al. 2010b). He et al. (2011) documented effects on overall fitness, reproductive parameters and 
behavior as well as motor neuron- and skeletal muscle development in a low dose chronic toxicity 
study with zebrafish. Several of the reported effects were trans-generational i.e. they were observed in 
offspring of exposed parents and are according to the authors likely explained by maternal transfer to 
off-spring. In males, indicators sperm quality was significantly affected even at the lowest exposure 
dose (0.001 M or 0.96 g/ l). In all the above studies decaBDE was reported to debrominate to lower 
brominated PBDEs, thus it is also possible that other PBDE congeners besides decaBDE contributed 
to the effects reported in these studies.  

35. Via their influence on thyroid hormone system, PBDEs including nona- and decaBDE, have 
been shown to have the potential to affect development and metamorphosis in amphibians 
(Schriks et al. 2006 and 2007, Balch et al. 2006, Qin et al. 2010). According to the available studies 
nonaBDE, which is one of the main congeners present in c-decaBDE besides decaBDE can delay 
metamorphosis in Xenopus laevis tadpoles as evidenced by a significantly reduced tail tip regression 
following BDE-206 exposure in vitro (Schriks et al. 2006). In a more recent in vivo study a 
commercial decaBDE mixture consisting of 98.5% w/w decaBDE was reported to affect 
metamorphosis in Xenopus laevis tadpoles by delaying the time to forelimb emergency (Qin et al. 
2010, as cited in ECHA 2012 a). The delay forelimb emergency was accompanied by histological 
changes in the thyroid gland and reduced expression of the thyroid receptor in tail tissue.   

36. Adverse effects of decaBDE to mammals have largely been investigated in controlled 
laboratory studies with captive organisms, mainly rodents, and have been the topic of several scientific 
reviews and government assessments (e.g. EC 2002, EC 2008, US EPA 2008, Costa and Giordano 
2011, Dingemans et al. 2011, Health Canada 2006, Health Canada 2012, EFSA 2011). Data on 
adverse effects resulting from decaBDE exposure in mammals is also underpinned by in vitro studies, 
which provides evidence that decaBDE induces similar cellular effects as other PBDEs (Health 
Canada 2012). Amongst others a potential to elicit neurotoxic effects, act as an endocrine disruptor of  
steroid and thyroid hormone regulated processes, promote cancer, induce DNA damage, and affect 
metabolism has been identified in vitro (Ibhazehiebo et al. 2011, Li et al. 2012, Pellacani et al. 2012, 
Dingemans et al. 2011, Pacyniak et al. 2007, Karpeta and Gregoraszczuk 2010). 
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37. Apparently, the fetal/ neonatal nervous system, the liver and the thyroid hormone axis are the 
primary targets for decaBDE toxicity in rodents (Costa and Giordano 2011, Dingemans et al. 2011, 
Health Canada 2012). Although decaBDE appears to have low acute toxicity when given by the oral, 
inhalation and dermal route, available mammalian toxicology data indicates that long-term exposure 
could result in adverse effects similar to those observed for other PBDE congeners (see e.g. Costa and 
Giordano 2011, Dingemans et al. 2011, Health Canada 2010). Rodent studies have for example 
demonstrated that decaBDE may act as an endocrine disruptor of the thyroid hormone system (see e.g. 
Dingemans et al.2011, Costa and Giordano 2011 for review). In rodents, decaBDE exposure can also 
result in decreased immune function during pregnancy and lactation (Zhou et al. 2006, Liu et al. 
2012), can compromise the organisms ability to cope with infections (Watanabe et al. 2008, Watanabe 
et al. 2010) and negatively affect reproductive parameters such as the number of follicle- and sperm 
cells (Liu et al. 2012, Miyaso et al. 2012, Tseng et al. 2006).  

38. The thyroid disrupting potential of decaBDE in mammals have been the subject of several 
reviews/ assessments (e.g. EFSA 2011, Dingemans et al. 2011, Costa and Giordano 2011), and is 
considered to be of concern given that decaBDE through its interaction with the thyroid hormone 
system can act as neurotoxicant of the developing brain (see reviews by Dingemans et al. 2011, Costa 
and Giordano 2011). DecaBDE may also exert a number of direct effects on brain cells that can 
compromise brain function and integrity (Costa and Giordano 2011, Dingemans et al. 2011). Animal 
studies investigating the developmental neurotoxicity of decaBDE have reported a broad spectrum of 
effects ranging from no observed effects to alterations in e.g. spontaneous and cognitive behaviors, 
learning, memory, locomotor activity, rearing activity, reflexes  and habituation following decaBDE 
exposure (see US EPA 2008, Dingemans et al. 2011, Costa and Giordano 2011, Health Canada 2012; 
and references therein). In rodents neurobehavioral effects during juvenile development or adulthood 
have been observed after a brief postnatal exposure to decaBDE (Johansson et al. 2008, Viberg et al. 
2007, Viberg et al. 2003, Rice et al. 2007). In mice, aging appears to unmask behavioural effects not 
evident at a younger age (see e.g. Rice et al. 2009 and reviews by Health Canada 2012 and Costa and 
Giordano 2011 and references therein). Although the notion that decaBDE may be a developmental 
neurotoxicant has been contested (e.g.  Hardy et al. 2009, Goodman 2009, Williams and de Sesso 
2010), the weight of evidence of available in vitro and in vivo data altogether indicates that decaBDE 
has the potential to induce neurotoxic effects in mammals exposed to decaBDE during early stages of 
development (see reviews by Dingemans et al. 2011, Costa and Giordano 2011, Health Canada 2012).  

39. Worldwide, humans of all ages are daily exposed to decaBDE via environmental media and a 
range of food stuffs, including mother's milk (see Costa and Giordano 2011, Health Canada 2012, 
EFSA 2011 and references therein). In Europe decaBDE along with BDE-47 is the predominant PBDE 
congener in food (EFSA 2011). In adults, household dust and occupational exposure is thought to be 
the main sources of decaBDE exposure (Costa and Giordano 2011). Dust will also be a major source 
of decaBDE for toddlers which have a higher tendency to transfer house dust particles from their hand 
to their mouth. Further, for infants mouthing of hard plastic toys can be an additional exposure route 
(Health Canada 2012).  

40. The observation that exposure takes place already during the early phases of human 
development i.e. in utero via placental transfer or postnatally via mothers milk (Gomara et al. 2007, 
Kawashiro et al. 2008, Wu et al. 2010, Miller et al. 2012), proposes that the developmental 
neurotoxicity observed in mammalian models could have implications also for humans (Health 
Canada 2012, US EPA 2008, EFSA 2011, Costa and Giordano 2011). However, although PBDEs 
share structural similarities with other environmental pollutants such as polychlorinated biphenyls 
(PCBs) and organochlorines, investigation into the toxicity and carcinogenicity of decaBDE in humans 
remains surprisingly limited (for overview see e.g. US EPA 2008, Health Canada 2012, Health Canada 
2006). Yet, evidence is slowly emerging that BDE-209 either alone or in concert with other PBDEs 
could act as a developmental neurotoxicant and possibly play a role as a risk factor in human disease 
(e.g. Dingemans et et al. 2011, Messer et al. 2010, Kicinski et al. 2012, Costa and Giordano 2011, 
Health Canada 2012, Health Canada 2006, Gascon et al. 2012, Chao et al. 2011). Effects of decaBDE 
on thyroid hormone signaling, a major timing factor for the precise regulation of brain cell growth and 
brain connectivity, has for example been proposed as a factor that could contribute to human 
neurological disorders such as autism (Messer 2010). In a recent epidemiological study assessing the 
linkage between PBDE levels in breast milk and neurophysiological development in infants decaBDE 
was significantly correlated with lower mental development scores in children 12-18 months of age 
(Gascon et al. 2012). The observation of a correlation between decaBDE exposure levels and lower 
mental development scores found in this study are consistent with results previously reported by 
Chao et al. (2011). Gascon et al. (2012), but not Chao et al. (2011), also reported a negative, but non-
significant correlation between the total sum of PBDEs in breast milk and mental test scores 
(Chao et  l. 2011, Gascon et al. 2012). In this context is also worth noting that epidemiological data 
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indicating an association between PBDE exposure at early age and neurodevelopmental toxicity have 
also been reported for lower brominated PBDEs (Roze et al. 2009, Herbstman et al. 2010, Gascon et 
al. 2011, Kicinski et al. 2012).  

41. Risk characterizations of decaBDE conducted by Health Canada (2012) and US EPA (2008), 
have suggested that the daily intake of decaBDE in the United States and Canada at present is not 
likely to result in neurodevelopmental toxicity even for the potentially most highly exposed and 
sensitive age group, infants. A similar conclusion was reached by European Food Safety Authority 
Panel on Contaminants (EFSA 2011). However, neither risk assessment take into account the potential 
risk that PBDEs could act in concert to induce additive or synergistic effects as suggested by the 
available in vitro data (e.g. Pellacani et al. 2010, Tagliaferri et al. 2010, Llabjani et al. 2010, Karpeta 
and Gregoraszczuk 2010, Hallgren and Darnerud 2002, He et al. 2009). In this context it is worth 
noting that the recently published WHO/ UNEP report on endocrine disruptors concludes that  
endocrine disruptors can work together to produce additive effects, even when combined at low doses 
that individually do not produce observable effects (WHO/UNEP 2012). Moreover, as pointed out by 
Health Canada (2012), the assessment of human health risks is limited by a scarcity of inhalation 
and/or dermal exposure data as well as by insufficient data on toxicokinetics of decaBDE in humans. 
Lastly additional risk factors were also not considered. Iodine deficiency, a common condition 
worldwide (reviewed by Walker et al. 2007), is said to increase the sensitivity to adverse effects from 
thyroid-disrupting chemicals such as decaBDE (Dingemans et al. 2011).  

  Conclusion on adverse effects according to the criteria in Annex D 

42. The weight of evidence of available toxicity data shows that decaBDE alone and/ or in concert 
with its debromination products have the potential to damage human health and/or the environment.  

 6. Statement of the reasons for concern and need for global action  

 6.1 Reasons for global concern 

43. Based on the existing data decaBDE can be considered to meet the screening criteria in Annex 
D for persistence, bioaccumulation, long-range transport and adverse effects under the Stockholm 
Convention. Adding to this concern is the potential debromination to other POPs and the possibility of 
combined effects. Several assessments have concluded that there is a high probability that decaBDE is 
transformed in the environment and in biota to form substances or act as precursors to lower 
brominated PBDEs, which themselves are POPs. In addition reported in vitro data moreover suggests 
the possibility that the different PBDEs could act in concert to induce additive or synergistic effects.  

44. Adding to the above concern is that decaBDE is widespread in the global environment and in 
biota and the potential of biomagnification of decaBDE has been shown to be important in several 
food webs.  In addition the temporal trends indicate that the levels of decaBDE are increasing in the 
Arctic atmosphere. Although the tissue levels might be relatively low in some species a study on fish 
suggests that chronic exposure of decaBDE at low doses can lead to adverse effects, especially in 
juvenile life stages. Of particular concern is that decaBDE is a potential endocrine disruptor. 
Endocrine disruptive chemicals produce a non-linear dose–response and can cause adverse effects 
even when environmental levels are low (UNEP/WHO 2012). Sensitivity to endocrine disruption is 
highest during tissue development and organisms in early developmental stages are more vulnerable 
than adults (UNEP/WHO 2012). Furthermore the high persistence of decaBDE in sediments and soils 
means that organisms may be exposed continuously, thus increasing the likelihood for adverse effects 
and the exposure of organisms will continue long after the release into the environment have stopped. 

45. The use of decaBDE is currently widespread across the globe. Although use and placing on the 
market of decaBDE has been restricted recently in some regions it is still produced and used as a flame 
retardant in many countries. The use of flame retardants is foreseen to increase globally partly due to 
more stringent fire safety regulations. This will especially affect the temporal trends of decaBDE in 
regions with no restrictions on further marketing or use of the substance and contribute to the 
environmental levels in regions far from sources. Furthermore, the long-range transport of decaBDE 
denotes that single countries or groups of countries cannot abate the pollution caused by it alone. Due 
to the harmful POP properties and risks related to its possible continuing production and use, 
international action is warranted. 
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