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Truly Hand-portable GC-MS - From Concept to Reality

Milton L. Lee

Department of Chemistry and Biochemistry, Brigham Young University, Provo, UT, USA
There are two main reasons for performing chemical analysis in the field. First, many analyses must be made on location in order to make timely decisions that effect human health and safety, or that affect an expensive commercial process. Second, there is always a concern about maintaining the integrity of field samples during transport and storage before analysis in a stationary laboratory. Speed, accuracy, portability, robustness, power consumption, ease of use and applicability for detection of a wide range of target agents in a variety of environments are essential. Mass spectrometry (MS) is destined to play an important role in this effort because of its characteristic sensitivity and selectivity. 
The development and performance of a hand-portable GC-MS system that is small, self-contained, and weighs approximately 13 kg (including carrier gas supply and batteries) is presented. The low thermal mass GC occupies a space of only 12 x 7 x 3.5 cm, and typically contains a 5 m x 0.1 mm i.d. capillary column that is resistively heated, although columns of any length and diameter can be used. The injection port is also resistively heated and of low thermal mass, and accommodates a solid phase micro-extraction (SPME) fiber for sample introduction. Helium carrier gas is supplied by a 95 cm3 (2500 psi) metal cartridge that can be easily replaced when expended. The MS is a novel miniature toroidal ion trap (TMS) in which ions are trapped and stored in a toroidal geometry around a central electrode. The radius of the toroid is only 6 mm. This miniaturized MS is operated at RF voltages significantly lower than required for conventional ion traps, which is important for battery operation in the field, and provides significant trapping volume to maintain high sensitivity.

Applications of this system include environmental pollutants, headspace analysis, and chemical and biological agents. In order to analyze biological agents, such as bacteria, the organisms must be fragmented into volatile biomarker compounds. A simple, thermal chemolysis/methylation procedure was developed to produce characteristic biomarkers for positive identification of anthrax. The thermochemolysis reactions serve to partially digest the endospore outer shell, release unique biomarker chemicals, and derivatize the biomarkers for analysis by GC-MS. For all applications of field portable GC-MS, a simple method for calibrating the instrument in the field is essential.

New miniaturized MS systems on the horizon include novel planar ion trap geometries, which are designed to improve robustness and ease of fabrication. Conventional (i.e., Paul), toroidal, and coaxial (i.e., combined Paul and toroidal) planar ion traps have been demonstrated.
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