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Tin isotopic fractionation during microbial mediated production of organotin compounds

Professor Charles Cockell (PSSRI) and Dr Ian Parkinson (EES)
· Fieldwork in Cornwall

· Training in the measurement of stable Sn isotopes using state-of-the-art mass spectrometers

· Training in designing and performing microbiology experiments
· The opportunity to be part of a multi-disciplinary research group
It is now well documented that the isotopes of multi-valent elements are fractionated during redox reactions. This is particularly true for first series transitions elements such as Fe, Cr and Cu which produce large (several per mil) isotopic shifts during both oxidation and reduction reactions [1]. Heavier elements such as Mo and Tl also record measurable in isotopic ratios during redox reactions, indicating that there are a group of metals up to mass 150 and beyond which are amenable for isotopic study. Tin (mass 118.7) is one of these metals because it has three common oxidation states (-4, +2, and +4), ten stable isotopes and is readily analysed by multi-collector inductively-collector-mass-spectrometer (MC-ICP-MS) techniques [2] and specifically by double-spike methods currently under development at the Open University. 

A novel application of using stable isotope tracers is to track the formation of environmental pollutants that are mediated by microbial action. Aqueous inorganic Sn4+ is readily reduced by microbes to form organotin compounds. The most potent of these are methyltin compounds, which are neurotoxins that are lethal to a variety of marine fauna. It has already been documented that sulfate-reducing bacteria can anaerobically reduce inorganic Sn to several methyltin compounds. However, it is important to understand the mechanisms and efficacy of these reduction reactions and a simple way to trace this is by measuring the isotopic composition of both experiments and natural waters. Tin is found high concentrations in Cornwall and Sn pollution of major environmental concern. Cassiterite (the main Sn mineral) is thought to have a homogeneous isotopic composition [3], so that any variations in natural waters are likely to be related to redox reactions.

The specific aims of this project are as follows:

1)
To test the efficiency of specific metal and sulfate-reducing micro-organisms in reducing tin compounds in the laboratory under anaerobic conditions, and the toxicity of the resulting compounds. 

2)
To use these experiments to assess the amount of isotopic fractionation induced by the reduction reactions. Initial experiments will use defined cultures of organisms obtained from culture collections grown in defined medium using our anaerobic facility at the Open University. 

3)
To determine isotopic fractionation in natural samples in the laboratory by using slurries from environmental samples (some processed to kill organisms as controls) and apply these results to polluted natural waters. An additional outcome will be to assess whether metal-oxidising bacteria (e.g. Thiobacillus spp.) can oxidise tin in the natural environment. 

The Department has a thriving postgraduate community and the postgraduate training programme provides a full range of courses covering: research techniques, scientific methods, information technology, communication and interpersonal skills, which are tailored to the needs of each student. In addition, the successful candidate will be trained in field methods and geochemical techniques.

If you would like to apply or have any queries about this project please contact the supervisors either by email C.S.Cockell@open.ac.uk or I.J.Parkinson@open.ac.uk or writing to the address above enclosing a CV and the names and addresses of three academic referees.
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