
HENVINET Policy Brief:

Policy context

An expert workshop was conducted in order to evaluate the 
state of the current scientific knowledge and highlight impor-
tant policy considerations. 

Experts agreed that more information is needed about the 
HBCD compound in order to better understand its health im-
pact. This requires more investment in fundamental science as 
well as certain policy measures such as monitoring activities. 

Experts agreed to three priority areas for further investiga-
tion: 

More knowledge, especially in humans, on the behavior I. 
of HBCD in the body, the mechanisms of action of HBCD 
and how HBCD may affect the health and illness of popu-
lations (toxicology and epidemiology).
More knowledge on the concentration levels of HBCD in II. 
the target tissues (absorption, distribution, metabolism 
and excretion of HBCD).
More knowledge on the extent of exposure to HBCD; III. 
especially human exposure and exposure to the general 
population.

Furthermore the following issues were proposed for better un-
derstanding:

The different behavior of the different HBCD stereo-iso-I. 
mers must also be addressed.
Effort should also be invested into research on the toxic-II. 

HBCD is one of the major brominated flame retardants (BFRs) • 
used today. BFRs are applied to prevent building materials, 
electronics, clothes and furniture from catching fire. The 
commercial formulation of HBCD contains three isomers: g-
HBCD, a-HBCD and b-HBCD. 

A sharp increase of the HBCD concentrations in the environ-• 
ment has been detected by several investigators since 2001, 
probably caused by the increased use of HBCD when other 
BFRs were banned or withdrawn (penta- and octabrominated 
diphenyl ether (PBDE) mixtures (Penta BDE, OctaBDE).

The major concerns about HBCD are its persistence and its • 
potential for bioaccumulation. The compound is found in 
high concentrations in both animals and nature. 

There are indications of toxicological effects of HBCD, espe-• 
cially in the liver and on the thyroid hormones. Also, once 
in the body, the different isomers of the technical mixture 

of HBCD are selectively metabolized. The a-HBCD isomer is 
metabolized at a slower rate and is accumulated to a greater 
extent in the body.

On June 2nd 2009 the European Chemicals Agency (ECHA) • 
within the REACH framework decided to restrict the use of 
HBCD within the EU such that it only can be used when “au-
thorized” for specific purposes. HBCD is also currently pro-
posed to be reviewed for a global agreement of restriction 
by the Stockholm Convention.

Alternative substances to HBCD with putative lower risk • 
have been proposed. Potential risks of these compounds are 
limited and further investigation is required.

Policy options

ity and environmental behaviour of the most frequently 
proposed alternatives to HBCD. 
In order to accelerate the rate at which policy relevant in-III. 
formation becomes available, experts feel that research 
collaborations between publically funded institutions 
should be organised at the European level. 
In addition to publically funded research, industry should IV. 
be required to provide more toxicological data.
Policy makers must take decisions and invest more money V. 
in the required research.

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 some 
experts considered the persistence and bioaccumulation prop-
erties of HBCD are enough to justify a ban or restrictions on use, 
others considered more data is required before a decision to 
change the status quo is justified.

Experts disagreed as to whether, given five years and adequate 
resources, additional research would yield decisive knowledge 
on the key issues related to HBCD and its alternatives. Experts 
had a medium to high degree of confidence in policy actions to 
effectively manage the health risks of HBCD to be technically 
(not necessarily politically) feasible either now, or within the 
next five years.

Expert Elicitation on Health Implications of HBCD



Executive summary

Situation

Brominated flame retardants (BFRs) are the major group of 
chemical flame retardants consisting of bromine containing or-
ganic compounds. BFRs are applied to prevent building materials, 
electronics, clothes and furniture from catching fire. Hexabromo-
cyclododecane (HBCD or HBCDD) is one of the major BFRs. HBCD 
has 16 possible stereo-isomers with different biological activities, 
therefore the substance poses difficult problems for manufactur-
ing, production and regulation [12]. The technical mixture/com-
mercial formulation of HBCD contains three isomers: 75-89% g-
HBCD, 10-13% a-HBCD and 1-12% b-HBCD.

 HBCD is used in construction and insulation boards, packaging 
material, electrical and electronic equipment, upholstered fab-
ric and textiles, bed mattress, furniture, seatings, draperies, wall 
coverings, indoor textiles and automobile indoor textiles [12]. At 
present, according to BSEF, the brominated flame retardant in-
dustry panel, HBCD is the only suitable flame retardant for some 
of these applications.

 The global production of HBCD was 16700 tons per year in 
2001 and 23000 tons per year in 2008 [3]. This correlates well with 
a sharp increase of the HBCD concentrations in the environment 
detected by several investigators from 2001 onward [16], and is 
most probably caused by the increased use of HBCD when other 
BFRs were banned or withdrawed (penta- and octabrominated 
diphenyl ether (PBDE) mixtures (Penta BDE, OctaBDE). There is 
only one production site in Europe today, in the Netherlands.

 HBCD’s toxicity and harm to the environment is currently be-
ing discussed. The EU Risk Assessment (RA) of HBCD for environ-
mental and human health was initiated in 1996 and finalized in 
2008 [3,11,12]. The RA concluded that no risk to consumers was 
identified, and no risk for workers was identified when standard 
hygiene measures are applied. Further the RA concluded that 
HBCD has persistent, bioaccumulative and toxic (PBT) properties 
due to the reported increased environmental concentrations, the 
concerns linked to these higher concentrations, and the several 
specific risks identified in the aquatic environment. In June 2008 
HBCD entered a screening procedure under the new legislation 
REACH [20]. On June 2nd 2009 the European Chemicals Agency 
(ECHA) within the REACH framework decided to restrict the use 
of HBCD within the EU such that it only can be used when “au-
thorized” for specific purposes [9]. In Japan under the Chemical 
Substances Control Law (CSCL), HBCD was classified as a Type 1 
Monitoring Chemical Substance since April 2004. The US Environ-
mental Protection Agency (EPA) will finalize a review of HBCD in 
2012. Canada will publish a risk assessment of HBCD during 2009. 
Furthermore, HBCD is currently proposed to be reviewed under 
the global framework of the Stockholm Convention on Persistent 
Organic Pollutants (POPs) [22]. HBCD is also included in the list of 
substances added to a proposal to revise the RoHS (Restriction of 
Hazardous Substances) directive [21]. 

 Alternative substances to HBCD with putative lower risk have 
been proposed [10], but need further investigation. Among the 
proposed substances are: halogenated flame retardants in con-
junction with antimony trixide, organic aryl phosphorous com-
pounds, chlorinated paraffins, and ammonium polyphosphates.
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Figure 1. Diagram developed by HENVINET and used by expets to evalu-
ate the current understanding of the cause-effect relationship between 
the production and use of HBCD and its potential impact on health. The 
diagram has been slightly adapted to comments from the experts.

HBCD is a ubiquitous contaminant in the environment, wildlife 
and humans due to widespread use, low volatility and low water 
solubility [6]. HBCD can be found in environmental samples such 
as birds, mammals, fish and other aquatic organisms as well as soil 
and sediment, but also in the anthroposphere. Humans can be ex-
posed to HBCD by inhalation of vapor and airborne dust through 
ingestion and by dermal contact, babies can be exposed during 
pregnancy and breast feeding, workers and consumers are mainly 
exposed through inhalation and dermal routes and exposure in 
the environment occurs mainly via the oral route [12]. HBCD is 
easily taken up and stored by organisms, especially in adipose 
tissue. Animal studies have shown that from a technical mixture 
of HBCD the different isomers are selectively metabolized in the 
body so that the a-HBCD isomer is accumulated to a greater ex-
tent [5,6,12,26]. Also in nature a similar selective metabolism oc-
curs mainly via microorganisms [7,8,13]. Animal studies have con-
firmed a low acute toxicity, but liver weights were increased, liver 
enzymes were induced, and thyroid hormone levels were affected 
[4,12,14,24,25]. We do not know anything about similar effects in 
humans. One recent Dutch study on human prenatal exposure to 
HBCD and other organohalogans suggest relationships on sexual 
and psychomotor development in healthy infants [17]. 

 To identify knowledge gaps and potential agreement or disa-
greement on the different aspects of the HBCD issue, a causal dia-
gram illustrating scientists’ current understanding of the cause-ef-
fect relationship between the production and use of HBCD and its 
potential impact on health was made (See Figure 1). The diagram 
was based on the latest review articles and reports available. 

 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 
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the results of the two different evaluations for policy and health 
were discussed. Priorities for further action were identified and 
the workshop aimed at arriving at a concrete expert advice for 
policy makers.

Assessment

Our first step in developing an expert advice on HBCD for policy 
makers was focused on prioritizing the results from our expert 
consultation: how severe are specific results with regard to public 
health risks? The results were used to set priorities of further at-
tention for policy uptake. 

Priority knowledge gaps 

The top area issues that the expert panel group considered to be 
the most influential for the health impact for HBCD was toxicology 
and concentration in the target tissues and exposure. Toxicology 
concerns the effects of a substance inside the body, and this area 
issue was ranked as number one. A request for more toxicologi-
cal and epidemiological evaluation of the risk issue was raised. 
Concentration in the target tissues is a result of exposure and 
toxicokinetics, (more specifically what happens to the substance 
inside the body, how the substance is absorbed, distributed, me-
tabolized and excreted). Toxicokinetics was ranked as number 
two. Exposure deals with the different routes of exposure, e.g. 
inhalation, ingestion, dermal.

 Most experts in the panel had medium to very high confi-
dence in science coming up with usable or decisive knowledge 
within the next five years if given sufficient resources. Most ex-
perts moreover had medium to high confidence in the possibility 
that policy actions to effectively manage the health risks of HBCD, 
will become technically (not politically) feasible within the next 
five years.

Weight of knowledge

During the expert panel discussions there was a general opinion 
that it is very difficult to be very certain about HBCD since there 
are less data available for this compound than for e.g. decaBDE. 
More specifically, there is a lack of epidemiological and toxicologi-
cal studies, especially in humans [12]. There are limited data from 
toxicological studies of the targets of HBCD and of the mecha-
nisms of action of HBCD. In addition there is very little informa-
tion of the concentrations of HBCD in the target tissues, first of 
all due to lack of adequate studies on absorption, distribution, 
metabolism and excretion, but also because the different isomers 
of a technical mixture of HBCD are selectively metabolized in the 
body, so that a-HBCD is accumulated which behave differently 
from the original technical mixture [12,15,18,26]. It was also ar-
gued that there is a data gap on human exposure to HBCD, too 
little is known about normal exposure to the general population. 
Some exposure studies on children exist on sexual and psychomo-
tor development in healthy infants [17] and estimations of expo-
sure of occupational workers have been done [12]. Also the expert 
panel group considered that HBCD measurements performed in 
the past using the GC/MS technique are questionable compared 
to the LC/MS method used today [1,16].

 Experts disagreed on the extent to which knowledge on the 
risks of HBCD justifies a more drastic policy intervention. On the 
basis of the persistence and bioaccumulation properties of HBCD, 
most experts suggested that policy makers should introduce regu-
lations on restricting and prohibiting activities. Other experts felt 
that more data and better understanding are required before 

such drastic policy measures can be justified, they also claim that 
the use of suggested alternative compounds [10] is not proven to 
be safer, and developing safe alternatives take time. One expert 
considered restrictions and prohibitions of the compound ethi-
cally justified. 

 Some experts pointed out that studies performed on certain 
other persistent organic pollutants constitute a sufficient basis to 
justify, by analogy, concerns about the health effects of HBCD to 
humans. With these other chemicals, risk was first assessed at high 
doses in adults, but later more sensitive endpoints were detected 
at lower doses and often in earlier-life stages. One expert pointed 
out that one such endpoint could be vitamin K metabolism and 
subsequent impact on blood coagulation, and another endpoint 
could be leptin metabolism and possible impact on body weight 
[2,19,23]. Other experts do not agree in these conclusions based 
on the analogy to other persistent organic compounds. 

 It was suggested that in order to achieve what we want, more 
investment in fundamental science as well as policy measures 
such as monitoring activities is required. 

 It was claimed that there is no laboratory or institution in 
Europe where politicians and officers can initiate studies such as 
those within the US NTP program. 

 It was suggested to start randomized controlled trials of new 
medications or chemicals and to have permission from an ethical 
committee.

 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 and bioaccumulation properties of HBCD 
are enough to justify a ban or restrictions on use, others felt that 
more data is required before a decision to change the status quo 
is justified.

Recommendations
More research data and monitoring on HBCD is necessary to bet-
ter support policy actions. The priority areas suggested were:

More research data and monitoring of epidemiological and I. 
toxicological studies of HBCD, especially in humans. Do rand-
omized controlled trials and have permission from an ethical 
committee. 
More research data and monitoring of the concentration of II. 
HBCD at the target tissue. Individual HBCD isomers need to 
be studied separately.
More research data and monitoring of exposure to HBCD, es-III. 
pecially human exposure and exposure to the general popu-
lation.  

Suggestions for improving knowledge could be:
More research must be required from the industry itself that I. 
produces HBCD. 
Better organized research, collaboration between universi-II. 
ties and specific laboratories for required research studies.
Decisions taken and more money invested by policy makers III. 
in the required research.

Better information on safety of alternative substances is needed.
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