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Policy context

In order to evaluate the state of the current scientific knowl-
edge and highlight important policy considerations, experts 
were approached by two questionnaires followed by a work-
shop. Based on the answers from the questionnaires and dis-
cussion at the workshop, it was concluded that:

	All experts agreed that more research and monitoring are •	
needed in order to develop a better understanding of the 
risks involved in the use of decaBDE. 

	Experts agreed that three priority areas to investigate are:•	
	 The extent to which the substance is transformed to I.	

compounds with more  tissue accumulating and toxic 
properties in the environment (other OH-BDEs and PD-
BEs with lower bromine content); 
The extent to which humans and animals are exposed to II.	
the compound, especially from food and dust; 
The extent to which decaBDE is transformed to more III.	
harmful substances in the human body.

This is to some extent supported by recent reviews and re-
ports

	Effort should also be invested into research on the toxicity •	
and environmental behaviour of the most frequently pro-
posed alternatives to decaBDE before they are applied on a 
large scale. 

	In order to accelerate the rate at which policy relevant infor-•	

Deca-brominated diphenyl ether (decaBDE) is a flame retard-•	
ant widely used in products such as electronics and textiles to 
impede development of fire and thereby save lives. 

DecaBDE is persistent in the environment, but differs from •	
other polybrominated diphenyl ethers (BDEs) with respect 
to some important physicochemical properties: it is less ab-
sorbable into human and animal tissues; it accumulates less 
in these tissues; and it has a lower level of toxicity.  On this 
basis, decaBDE has been less strictly regulated in many coun-
tries than other BDEs.

	There is a substantial build-up of decaBDE and a high pre-•	
dominance of this congener compared to other BDEs in 
some environmental compartments such as sediments, soils 
and dust.  One concern relates to data demonstrating that 
decaBDE, under such circumstances can be broken down 
to other brominated compounds already banned. Another 
concern is to what extent microorganisms in the intestines 

and metabolism in the body are capable of transforming 
decaBDE to more toxic and bioaccumulating BDEs or other 
potentially harmful metabolites. 

The relatively high levels in the environment may lead to risk •	
for substantial human exposure. In particular, the predomi-
nance of decaBDE in house dust may be a major exposure 
route for small children. 

	Toxicological effects observed in animal studies include ef-•	
fects such as disruption of the development of the neuro-
logical system and hormonal balance at doses relevant to 
humans.

	Knowledge of the potential risks of the alternative chemicals •	
to decaBDE is limited.

Policy options

mation becomes available, experts feel that research collabo-
rations between publically funded institutions and universi-
ties should be organised at the European level. In addition 
to publically funded research, industry should be required to 
provide more toxicological data.

There was disagreement among the experts as to whether •	
additional research would yield decisive knowledge on key 
issues related to decaBDE and its alternatives within five 
years, given adequate resources. Whereas most were either 
optimistic or meant that there already is sufficient decisive 
knowledge available, others stated that research requires 
more time. Most experts moreover had a medium to high de-
gree of confidence that policy actions to effectively manage 
the health risks of decaBDE are technically (not necessarily 
politically) feasible either now, or will become so within the 
next five years.

	While there was disagreement, the majority of experts felt •	
that, in light of the current, all be it limited, knowledge avail-
able on the risks of decaBDE, a precautionary ban or restric-
tions on the use of decaBDE are warranted.

Expert Elicitation on Health Implications of decaBDE



Executive summary
Situation
Brominated flame retardants are used in many different consum-
er products with the aim of retarding development of fire and 
thereby save lives and reduce material damage (www.bsef.com). 
One group of brominated flame retardants is the polybrominated 
diphenyl ethers (BDEs). The different types of BDEs differ with re-
spect to the number and position of bromine atoms in their mol-
ecule. DecaBDE, also known as BDE209, has the highest possible 
number of bromine atoms. The technical mixture of decaBDE con-
tains small amounts of the nonaBDEs, 3% or less [1]. This mixture 
is almost exclusively used in electrical and electronic equipment, 
transportation sector, construction and building, and textiles [2].

	 Different research and policy communities have different 
points of view regarding the potential hazards of decaBDE. Penta- 
and octabrominated diphenyl ethers (penta- and octaBDEs) were 
found to accumulate in animal and human tissues and to cause 
harmful health effects, and were banned in the EU in 2004. The 
primary North American manufacturer voluntarily ceased their 
production [3]. The fully brominated BDE congener, decaBDE was 
regarded less toxic and was eluded from the ban [3]. In 2008, 
the European Court of Justice decided that the Commission had 
exempted decaBDE from the ban on false premises and conse-
quently again a ban was put to its use in electrical and electronic 
products[4]. In Norway, a total ban was introduced in April 2008. 
Also, the states of Maine and Washington have restricted the use 
of the substance in certain products, but still many major uses of 
deca-BDE are allowed in North-America [2].

	 Since 2005, many companies have reduced the use of or 
phased out decaBDE voluntarily without specifying which flame 
retardants they use as substitutes. The main alternatives being 
proposed for decaBDE are other brominated compounds, phos-
phorus containing flame retardants and inorganic, non-phospho-
rus compounds. Data of the potential risks of these alternatives 
are limited.

Background
DecaBDE (BDE209) has shown in several studies to be the most 
abundant PBDE in sediments, sewage sludge, soil, dust and air [5,6]. 
Also, it shows a build-up over years in sediments [6].  An increasing 
number of studies show that decaBDE is being transformed into 
more accumulating, more toxic substances in some environmental 
matrices in processes involving e.g. microorganisms and sunlight 
[6,7]. Inhaled and ingested dust is probably the main route of ex-
posure, together with ingestion of food, while direct dermal con-
tact may also play an important role [8]. The developing foetus and 
infant will also be exposed through placenta and via mother’s milk 
[1,8]. DecaBDE is absorbed from the intestines to a lesser extent 
than the other BDEs [9] and when absorbed it is distributed differ-
ently. That is, it is measured in relatively higher concentrations in 
blood and in the liver than in fat tissue which is the primary site of 
accumulation for the lower brominated compounds [1]. DecaBDE 
also accumulates to a lesser extent than other PBDEs in the body. 
Animal experiments have shown that decaBDE may be metabo-
lised into more toxic and accumulating BDEs in the gut by microor-
ganisms before absorption, as well as in the liver after absorption 
[1]. The presence of highly brominated metabolites not found in 
technical mixtures of BDE in human plasma [10] may indicate de-
bromination also in humans, though exposure to environmentally 
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Figure 1. Diagram developed by HENVINET and used by experts to evalu-
ate the current understanding of the cause-effect relationship between 
the production and use of decaBDE and its potential impact on health. 
The diagram has been slightly adapted to comments from the experts.

formed metabolites is also a possibility [11]. 

	 DecaBDE also appears to be excreted more rapidly from the 
body than the lower brominated BDEs [9]. Subchronic studies in 
rats have showed toxicological effects only in animals exposed to 
much higher doses compared to the other PBDEs [9] . More recent 
studies have been focussing on exposure to lower doses, closer to 
the real-life scenario during sensitive time frames of development 
and observed effects on neurobehavioural endpoints [9,12] and 
the thyroxin hormone balance [1,13]. There are not many existing 
effect studies and some are also criticized for their experimental 
design. The decision by the US Environmental Protection Agency 
to use one of these studies to set the oral reference dose led to 
discussions and objections from the industry [14].

	 To identify knowledge gaps and potential agreement or disa-
greement on the different aspects of the decaBDE issue a causal 
diagram illustrating scientists’ current understanding of the cause-
effect relationship between the production and use of decaBDE 
and its potential impact on health was made (See Figure 1). The 
diagram was based on the latest review articles and reports avail-
able and made similar to more brominated flame retardants. 

	 A group of experts was asked to express their confidence in 
the current knowledge in the different parts of the diagram by 
completing an online questionnaire. From these experts a group 
of eight was selected to complete a second questionnaire and 
take part in an expert panel workshop where the implications of 
the results of the two different evaluations for policy and human 
health were discussed (Copenhagen 1905 2009). Priorities for fur-
ther action were identified and the workshop aimed at arriving at 
a concrete expert advice for policy makers.

Assessment
Because of its wide use and environmental occurrence, prevent-
ing potential adverse effects on human health caused by decaBDE 
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is a task for authorities around the world. Taking appropriate po-
litical actions requires sufficient knowledge on the different as-
pects of chemicals, especially given the potential economic and 
safety consequences of a ban. The required weight of knowledge 
that is needed to support policy measures with regard to such 
issues is not well defined and open for debate amongst experts, 
policymakers and stakeholders. Both monitoring, modelling, epi-
demiological and experimental research are, however, quite time 
and money intensive. Therefore, the most important issues must 
be identified and prioritized. 

Priority knowledge gaps

The top three most relevant areas to study further in order to as-
sess the health impact of decaBDE were identified.

	In agreement with a recent review [3], the first area to prioritize •	
is understanding better the magnitude of environmental trans-
formation of decaBDE. The high abundance and temporal build-
up measured in some environmental media are a cause for con-
cern because of the evidences of transformational processes, 
resulting in more bioavailable and toxic BDEs [6]. If bromine 
is cleaved off from the decaBDE molecule in nature, the com-
pound is transformed into lower brominated congeners which 
are already banned for their accumulating properties and toxic 
nature [6].

	Sources and magnitude of oral exposure is the 2nd prioritized •	
area. There is too little knowledge on the extent of oral expo-
sure in humans, from food and dust. There are data suggesting 
high exposure in children [9]. Monitoring of levels in humans, 
food and environment will provide a better insight in the main 
routes of exposure. It is also important to gain more knowledge 
on exposure in utero as the foetus may be more vulnerable 
than adults.

	The fate of the compound in the body is a third very important •	
data gap relevant for human health risks posed by decaBDE. 
Toxicokinetics is the study of how a substance gets into the 
body and what happens to it in the body. The most important 
question is whether and to what degree decaBDE is metabo-
lised in the human body to other more accumulating and toxic 
less brominated BDEs or readily excreted [1,8]. 

	 Also, toxicological health effects were considered an impor-
tant area to prioritize. Some experts considered this to be among 
the top three priority areas. 

	 There was disagreement amongst experts whether conduct-
ing more scientific research would yield decisive knowledge on 
the risks of decaBDE within the next five years. While most experts 
were either highly confident or meant that sufficient knowledge 
already exists, others claimed that high quality research requires 
more time.  

Policy Considerations

Arguments for using the precautionary principle to ban or re-
strict the use of decaBDE would be the environmental abundance 
and increasing levels as described by Ross et al. 2008 combined 
with the uncertainties and potential threats in the priority areas 
described above and in recent reviews and reports [1,9]. Also, 
transport over long distances is indicated by the concentrations 
in remote areas, far away from production and use [3].The effects 
observed in animal studies involve brain development and hor-
mone balance which are regarded highly relevant. A lesson is to 
be learned from other persistent organic pollutants where more 

sensitive endpoints were being detected at lower doses often at 
earlier life stages after initial assessment of high doses in adults 
on robust endpoints. There is also a risk that the most sensitive 
endpoints for decaBDE are still not detected. Then, the environ-
mental load will have extensive consequences. 

	 One expert pointed out that such a sensitive endpoint could 
be vitamin K metabolism and subsequent impacts on blood coag-
ulation, as decaBDE has been reported to affect enzymes involved 
in this process [15,16]. Finally, one expert considered restrictions 
and prohibitions of the compound ethically justified, stating that 
it is unethical to pollute a whole population in order to prevent 
some fires. 

	 On the other hand, the existing knowledge does not neces-
sitate a ban, as few toxicological studies exist, and there is lack of 
knowledge regarding the margin of exposure; maybe the human 
exposure is not big enough for causing effects. The toxicological 
activity appears to be lower of decaBDE itself compared to BDEs 
with less bromines [9]. 

	 Another argument against a ban, is that the industry may take 
into use compounds that are less studied and have not been sub-
jected to risk assessment [17]. However, for some uses, alterna-
tive compounds exist [17] which at least are not persistent.

	 Most experts had medium to high confidence in the possibil-
ity that policy actions to effectively manage the health risks of 
decaBDE will become technically (not politically) feasible within 
the next five years.

	 Based on the answers from the questionnaire and discussion 
at the workshop, the invited experts were not in agreement on 
whether or not the knowledge currently available is sufficient to 
justify more strict policy actions at this point. While most experts 
felt that the persistence of decaBDE and the transformation into 
bioaccumulating and toxic compounds are enough to justify a ban 
or restrictions on use, others felt that more data is required be-
fore a decision to change the status quo of this economically and 
technically important compound is justified.  

Recommendations
There is a need for more research and monitoring of the sub-
stance to better support policy on this substance. Priority areas 
were defined as:

	 Environmental transformation of decaBDE into related I.	
lower brominated compounds with known abilities to ac-
cumulate in the body and to cause toxic effects 
	To what extent humans are exposed to decaBDE, in particu-II.	
lar in utero, through food, mother’s milk and dust.
	The toxicokinetic properties of the compound, with spe-III.	
cial focus on the potential breakdown of decaBDE to the 
lower brominated BDEs and toxic metabolites in the human 
body. 

Suggestions for improving knowledge could be:

	 To require more research and toxicological testing from the I.	
industry itself.
Better organised research cooperation between universi-II.	
ties and research institutions at the European level
Better funding for relevant research. III.	

There is a need for information on alternative substances.
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