Science Highlight - November 2012

The Chemistry of Bromine in Terrestrial and Marine Environments

For many vyears, the chemistry of
bromine in the environment has been
presumed altogether unreactive. In
seawater, bromine has long been
classified as a conservative element
and thought to exist in the form of
inorganic bromide. In terrestrial soils,
bromide is believed to be so unreactive
that it is routinely used as a
hydrological tracer.

There were signs, however, that the
redox behavior of bromine might be
more complex than imagined. Total
bromine concentrations were found to
be strongly correlated with organic
carbon content in marine sediments.!
Meanwhile, more and more organo-
bromine natural products were being
discovered and catalogued.? Since :
organobromines tend to be toxic, it 0.0 N SRR
seemed logical that organisms might 13470 13500 13530
produce them for chemical defense.
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Recent x-ray absorption spectroscopic | Figure 1. Normalized Br 1s x-ray absorption near-
(XAS) studies performed at SSRL | edge structure (XANES) spectra of organic and
Beam Lines 2-3 and 4-3, as well as at | inorganic Br standards: a, 4-bromophenol. b, 1-
the ALS and NSLS, have revealed that | bromoeicosane. ¢, KBr (aq); amplitude x 0.7. d,
the association between bromine and | sodium bromate; amplitude x 0.25. The energy of
organic carbon is attributable to cova- | the absorption maximum shifts to higher values with
lent carbon-bromine bonds. Differ- an increase in Br oxidation state; a bromate salt, with
ences in the near-edge spectral fea- | Br in the +5 oxidation state, exhibits an absorption
tures of organic vs. inorganic forms of | maximum at 13,478.1 eV (d), while that of the
bromine (Fig. 1) make XAS a useful | reduced form of Br in potassium bromide is at
tool to distinguish between them in 13,477.3 eV (c). By contrast to these inorganic
heterogeneous environmental samples. compounds, organobromines produce discrete, low-
Br XAS experiments conducted by Leri | energy features around 13,473 eV, as in 4-
et al. revealed organobromine to be | bromophenol (a) and 1-bromoeicosane (b). These
the dominant form of bromine in sedi- peaks arise from the 1s > n or o transitions
mentary organic matter in samples | associated with covalent C-Br bonds. Data collected
from various locations around the | at SSRL Beam Line 4-3.

globe. In this study, published in
Global Biogeochemical Cycles in 2010, absolute organobromine concentrations in sediment
samples were measured by combining XAS measurements of bromine speciation with XRF
measurements of bromine concentration with x-ray fluorescence (XRF). The resulting data
showed that organobromine is strongly correlated with total organic carbon, and both
parameters decrease with sediment depth in most locations. Associations between
organobromine, organic carbon, and metals like iron became strikingly apparent in x-ray
microscope maps showing the distributions of these elements in undisturbed sediment core
sections (Fig. 2). The researchers also found high levels of organobromine in sinking
particulates from the water column, linking organobromine in sediments with biological
processes in the euphotic zone of seawater.
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Figure 2. Micro-x-ray fluorescence image maps (1.3 x 0.45 Figure 3. Normalized Br 1s
cm’) of sediment core section from coastal New Jersey bay XANES  spectra  of  humic
waters, 7.2-8.5 cm below sediment-water interface. The core substances isolated from soil,
contained a dark-colored lens of organic material, indicated by river water, peat, and lignite (a-
the yellow outline. A) Br Ka emission energy. B) Fe Ka / Mn h) and decayed plant material
KB. Lighter shade corresponds to greater fluorescence from the forest floor in the New
intensity, i.e., greater elemental concentration. Data Jersey Pine Barrens (i-k). Data
measured at ALS Beam Line 10.3.2. collected at SSRL Beam Line 2-3.

Leri and Myneni recently discovered similar trends in the terrestrial environment, looking at
decaying plant material on the forest floor. This study, published in Geochimica et
Cosmochimica Acta earlier this year, demonstrated that all bromine present in humic
substances and soil organic matter is covalently bonded to carbon (Fig. 3). Common
halogenating enzymes were shown to readily brominate healthy plant material, illuminating
an environmentally feasible mechanism of organobromine production. The results suggest
that inorganic bromide functions as a limiting reagent in the natural bromination of soil
organic matter.

These XAS studies have dramatically changed the view of bromine in the environment.
Where this element was once believed to exist as an unreactive inorganic species, it is now
clear that it participates in dynamic biogeochemical cycling between inorganic and organic
forms. The large-scale bromination of natural organic matter may have far-reaching
consequences for the preservation and degradation of organic carbon in soils and sedi-
ments. Although organobromine might be expected to function as a comparatively
recalcitrant form of organic carbon, the ratios of organobromine to organic carbon decrease
with sediment depth in several locations. This raises the counter-intuitive possibility that
brominated organic matter is preferentially degraded during diagenesis. The natural
bromine cycling identified in these studies may also have implications for the fate of
brominated environmental pollutants, such as polybrominated diphenyl ether (PBDE) flame
retardants. It furthermore calls into question the use of bromide as a hydrological tracer.
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