Halogenated Flame Retardants: Does the Benefit Justify the Risk?

Linda S. Birnbaum, National Institute of Environmental Health Sciences, Research Triangle Park, NC, USA

Brominated flame retardants (BFRs) encompass a broad class of structurally distinct chemicals which have bromine atoms in common.  The rapid increase in their use in the last decades of the past century was followed by an increase in their levels in wildlife and in people.  This dramatic rise led to a burst in studies concerning the potential for adverse effects in a wide variety of animal species, as well as recently, humans.  The majority of these studies focused on polybrominated diphenyl ethers (PBDEs) which were produced commercially as three complex mixtures, known as Penta, Octa, and Deca.  While Penta and Octa were banned in the European Union and withdrawn from production in the US in 2004, their environmental persistence is resulting in ongoing exposure to wildlife and people.  Deca was banned by the European Court of Justice in 2008, and in several states of the US.  However, it remains a high production volume chemical and is used extensively world-wide, especially in Asia.  The other major BFRs, tetrabromobisphenol A (TBBPA) and hexabromocyclododecane (HBCD), are not subjected to any regulation.  There are many other BFRs, e.g., BTBPE, DBDPE, TBBPA-DBPE, which are now being detected and are unregulated.

The majority of studies of the health effects have been conducted on the PBDEs.  In general, the lower brominated congeners (Br4-6) are more toxic to invertebrates and to fish than those with more bromines. Only Deca has been tested in 2 year rodent studies and shown to be carcinogenic. Penta and Octa are hepatotoxic and induce xenobiotic metabolizing enzymes. Experimental animal studies, in combination with some in vitro experiments, demonstrate that many PBDE mixtures and individual congeners are endocrine disruptors, interfering with estrogen, androgen, and thyroid hormone systems via a multitude of mechanisms. There is growing concern for early life exposure which leads to developmental reproductive toxicity, immunotoxicity, and neurotoxicity. There have been several recent epidemiological studies which have shown associations between maternal PBDEs and cryptorchidism, and adult PBDEs and thyroid levels, decreased sperm quality, diabetes, and metabolic syndrome.

There have been few studies on the health effects of HBCD or TBBPA in humans.  However, experimental animal and in vitro data have shown that HBCD is a skin irritant at high concentrations, can be hepatotoxic and induce hepatic enzymes, similar to the PBDEs, disrupts thyroid hormones, is a reproductive toxicant, and is developmentally neurotoxic.  The biological properties of the distinct stereoisomeric forms of HBCD have just begun to be investigated.  Even fewer studies have been conducted in vivo with TBBPA, although its structural similarity to the environmental estrogen, BPA, has caused some concern for endocrine disruption.  A recent study suggested it might cause hearing deficits.  Whether levels in wildlife or people for HBCD or TBBPA approach those of concern for health effects remains to be determined.  (This abstract does not reflect NIEHS/NIH policy.)
