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Science: Outstanding capabilities for the precise analysis of the distribution of light stable isotopes (e.g., D/H, 13C/12C, and 18O/16O) have been developed in the Aqueous Chemistry and Geochemistry Group with support from the Office of Basic Energy Sciences. This capability is used primarily to develop a fundamental understanding of geochemical and microbial processes including mineral deposition and fluid migration in hydrothermal environments, and bioremediation. The project focuses on developing a fundamental understanding of how these isotope ratios vary in both natural and anthropogenic systems, and what factors most control their variation. Noting that differences in the production environment (e.g., isotopic composition of water and other processing chemicals) may lead to different isotopic distributions in chemical or biological agents, efforts are currently in progress to assess the utility of isotopic signatures as forensic tracers for the likely sources of various agents. An investigation is underway to detect isotopic signatures of simulant bacteria for anthrax grown under different culture conditions, where the growth media have distinct isotopic ratios.

Relevance to Countering Terrorism: The isotope ratios of the light elements (13C/12C, 18O/16O, D/H, 15N/14N, 34S/32S) can provide an extremely powerful means to both (a) trace the sources of materials used in biological and chemical terrorism, and (b) unmask the various processes used in the manufacture and production of weapons of mass destruction (“isotopic fingerprint”). In order to use these ratios as effective tracers, detailed understanding is required of the natural and technologic reservoirs containing these elements, the factors that influence isotope partitioning, and the availability of highly sensitive analytical methods to measure the ratios. Sophisticated mass spectrometric techniques now exist that can measure these ratios to better than 1 part in 105 for very small samples (picogram and nanogram). This effort is complemented by other ORNL activities including the use of one of the world’s most sensitive accelerator mass spectrometers to measure radioisotopes such as 90Sr and 129I in very small samples to a high degree of precision and accuracy. Using a unique ion microprobe we can also document the isotope ratios of both light and heavy elements in situ for beam sizes of a few microns. Also, development of new analytical capabilities is being explored for isotopic ratios of metal elements. Collectively, these efforts are directly relevant to biological and chemical weapons but also have application to nuclear weapons.























