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Introduction

Commercial production of the flame retardant compounds polybrominated diphenyl ethers (PBDES) historically
included three different formulations commonly referred to as PentaBDE, OctaBDE, and DecaBDE. These three
mixtures contain diphenyl ether compounds with varying degrees of bromination. Due to the fact that the PentaBDE
and OctaBDE commercial mixtures contain chemicals that were persistent, bioaccumulative, and potentially toxic,
the use and production of these mixtures was banned and/or voluntarily withdrawn in most regions. However, the
use of the third mixture, DecaBDE, has remained a contentious issue in several countries and numerous risk
assessments have attempted to evaluate the hazards and benefits of using this flame retardant chemical in high
production volumes.

One of the concerns with using DecaBDE is its potential to experience reductive dehalogenation reactions (i.e.
debromination) in the environment. Debromination of DecaBDE (BDE 209) can lead to the formation of congeners
with fewer bromine atoms. These less brominated congeners are more bioaccumulative and may be more toxic than
the fully brominated BDE 209, thus the reason that the PentaBDE and OctaBDE mixtures were originally restricted
from use. Thus any pathways that can lead to significant debromination of DecaBDE in the environment may be
cause for concern. This presentation will review the studies that have documented debromination of DecaBDE
through biotic and abiotic pathways and discuss their environmental relevance.

Metabolic Debromination

The metabolism of PBDEs has been investigated in a number of animal models including rats (1,2), mice (3), fish (4-
7), and birds(8) and reviewed by Haak and Letcher (9). These studies demonstrate that metabolism of PBDE
congeners is both species and congener specific. Oxidative metabolism of PBDEs to form hydroxylated PBDEs
(OH-BDEs) has been documented in several rodent studies (1,10,11), and is similar to the metabolic pathway
described for other halogenated organic compounds (12). However, reductive metabolism, particularly of BDE 209,
has been observed in several animal models, including rats, fish and birds. Huwe and Smith (2) exposed rats to BDE
209 via the diet and observed significant accumulation of octa- and nonaBDE congeners which could not be
explained by the presence of impurities in the food. They observed as much as 800% recovery (relative to levels in
food exposure) of some octaBDE congeners in rat tissues, suggesting that debromination of BDE 209 and nonaBDE
congeners had to be occurring. In addition Van den Steen (8) also observed accumulation of octa- and nonaBDE
congeners in European starlings following exposure to BDE 209 through silastic implants. Lastly, the greatest
evidence to support metabolic debromination has been observed in fish models. Studies by Kierkegaard et al. (4),
Stapleton et al. (5,6) and Tomy et al (7) have all observed significant debromination of BDE 209 following dietary
exposure, and there appears to be little to no evidence supporting the formation of OH-BDEs via metabolism in fish.
Thus fish appear to have a greater potential to debrominate PBDE congeners, particularly BDE 209, which is likely
attributed to different enzyme systems in the liver, and/or high activity of fish hepatic enzymes relative to mammals

(6).
While metabolic debromination has been observed in the laboratory following dietary exposure, the environmental

relevance of this pathway has been called into question. However, recent studies by La Guardia et al (13) have
documented what is likely the greatest evidence to support metabolic debromination in the environment. Fish living
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downstream of a wastewater treatment plant emitting effluent with BDE 209 were found to accumulate significant
levels of octa- and nonaBDE congeners in their tissues. These octa- and nonaBDE congeners were not present in the
sediment or tissues of their prey items; they are also not present in any commercial mixture. Accumulation patterns
of these higher brominated congeners (e.g. hepat-, octa-, nonaBDEs ) in chub and sunfish from this river looked
identical to the patterns observed in common carp and rainbow trout (respectively) following controlled dietary
exposure in the laboratory(6) (See Figure 1). Chub fish are a member of the Cyprinidae family, as are the common
carp, which may explain the similarities in their patterns if they share similar metabolizing enzymes. Thus there
does appear to be evidence documenting metabolic debromination of BDE 209 in fish in the environment.

Abiotic Debromination

Abiotic debromination has been observed in laboratory studies investigating bacteria-mediated and photolytic
pathways of degradation (14-19). Generally debromination via microbial pathways appears to be relatively slow and
strain specific relative to photodegradation pathways. However, the photolysis of DecaBDE is also very dependent
upon the matrix to which it is adsorbed, and on the environmental conditions. Photodegradation half-lives for BDE
209 range from less than 15 minutes up to 408 days, depending on the matrix to which it is adsorbed and the
radiation wavelengths. Due to the high hydrophobic character (K, ~10), DecaBDE is typically found adsorbed to
solids in the environment. This adsorption may lead to shielding effects and reduce its potential for degradation. Yet,
the primary degradation products of DecaBDE photolysis have consistently been documented as lower brominated
congeners, suggesting debromination is the primary route of photodegradation (See Figure 2). Thus it is likely that
DecaBDE will debrominate via photolysis, however, the relative rate of this pathway is difficult to assess.

High levels of BDE 209 have been documented in house dust (20,21), sewage sludge (22) and in soils near dump
sites and electronic waste streams (23). Thus these environments have the greatest potential to form lower
brominated congeners via photolysis of BDE 209 if the conditions are optimal. Because house dust can be a
significant exposure route for PBDEs, the potential for debromination in dust needs further evaluation. Most
windows block a majority of the UV wavelengths required for debromination of BDE 209. However, analysis of
house dust has documented the presence of octaBDE congeners that are not found in any commercial PBDE mixture,
and which have been shown to be photodegradation products of BDE 209 in laboratory studies, such as BDE 202
(20). In addition, Stapleton and Dodder (19) proposed using the ratio of BDE 197:201 as an indicator of
debromination in house dust. The difficulties in evaluating the environmental relevance of BDE 209
photodegradation are likely attributed to a lack of data on the presence and levels of octa- and nonaBDE congeners in
environmental samples. Most laboratories do not routinely analyze samples for these congeners. Future studies
should consider including the octa- and nonaBDE congeners in their methods to fully evaluate the potential for BDE
209 debromination via photolysis.

Conclusions

In conclusion, there are data suggesting DecaBDE does debrominate in the environment. However, further studies
are needed to evaluate the full potential for debromination in environments with high BDE 209 levels, such as
sewage sludge, house dust, and soils adjacent to electronic waste sites. Scientists are urged to include measurements
of octa- and nonaBDE congeners in their studies to fully evaluate this potential.
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Figure 1. GC/ECNI-MS chromatogram demonstrating similarities in accumulation patterns between chub
and carp, and sunfish and rainbow trout, following exposure to DecaBDE. (From La Guardia et al., 2007).
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Figure 2. GC/ECNI-MS chromatogram demonstrating products of BDE 209 photodegradation in house dust.

(From Stapleton and Dodder, 2008).
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