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The use of state-of-the-art, in-situ synchrotron-based spectroscopic techniques has greatly
advanced our understanding of biogeochemical reactivity and speciation of contaminants in
natural, heterogeneous systems such as soils, sediments, particulates, and aquatic systems.
These techniques enable one to make measurements at small spatial and rapid temporal scales
and simulate natural environmental conditions. Undoubtedly, the molecular characterization of
microenvironments and interfacial reactions will become increasingly significant in
understanding the interactions between chemistry, physics, and biology in natural environments.
There are a number of areas dealing with soil and environmental biogeochemistry where the
application of molecular environmental science, which employs a multi-scale and multi-tool
approach, is resulting in major frontiers. These include: speciation of contaminants; real-time
reactivity of rapid sorption and redox processes on mineral surfaces; carbon-mineral
complexation; mechanisms of trace metal interactions with humic substances; climate change
impacts on contaminant cycling; and particulate transport. Examples of some of these research
frontiers will be presented.
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