IO12

Chromatographic strategy for determining volatile chemical warfare agents and related compounds
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Introduction: In the case of chemical warfare terrorism such as 1995 Tokyo Subway Sarin Gas Attack, it is important to identify causative toxic substances from on-site evidence and casualty specimen. Volatile chemical warfare agents (CWA’s) such as nerve gases (sarin (GB) etc.) and blister agents (mustard gas (HD) etc.) are very toxic and unstable in water, especially in the body fluids, resulting in hydrolysis to produce stable water-soluble low-molecular weight hydrolysis products (alkylmethylphosphonic acids (RMPA) from nerve gases, thiodiglycol (TDG) from HD, ethanolamines (EA) from nitrogen mustards (HN)), which can be useful biomarkers of CWA exposure. Also high-molecular weight adducts which can be formed by the covalent bonding between the reactive CWA’s and biological components such as cholinesterase (ChE) adduct should be considered. In the previous days, we performed conventional gas chromatography (GC)- mass spectrometry (MS) for dichloromethane (DCM) extract containing GB and related compounds, and tert-butyldimethylsilyl (TBDMS) derivatization GC-MS for aqueous extract containing RMPA and ChE enzymatic assay for casualty blood specimen on the forensic investigation of 1995 Sarin Gas Attack. Due to technological limitations, we could not perfectly verify GB gas exposure and presence for the evidence specimen. Nowadays, R&D on environmental analysis and biological monitoring in CWA’s cases have been performed to provide us ultra-sensitive detection of CWA’s and related compounds. In this presentation, we introduce our strategy for determining CWA’s and related compounds by using chromatographic technologies combined with mass spectrometry and the other methods.
Experimental: From environmental and on-site wiped samples, DCM extraction was performed to obtain the organic phase containing volatile CWA’s except for amine compounds which instead were extracted under the weakly alkaline conditions. Hydrolysis products were obtained from the aqueous phase in DCM extraction. From biological samples, DCM extraction was performed after deproteinization. Serum (deproteinized), urine (diluted) and aqueous extract from environmental and on-site wiped samples, were treated with strong anion exchange to partially purify RMPA. For ChE nerve gas adducts, two pretreatment methods were performed: one was fluoride reactivation where serum sample was incubated with high concentration of potassium fluoride at pH 4 and the generated fluoro-phosphoric compounds were extracted with ethyl acetate. The other was protease digestion where serum sample was digested by chymotrypsin. 
Volatile CWA’s and fluoride-activated phosphoric compounds were analyzed by GC-MS, GC with pulsed flame photometric detection (PFPD) and atomic emission detection (AED) with apolar capillary column, step-wide temperature raising program and electron ionization. Splitless injection was necessitated for sensitive detection. Hydrolysis products from nerve gases, HD and HN were analyzed by the same GC-MS after TBDMS derivatization. The digested peptides from the ChE nerve gas adducts were analyzed by liquid chromatography (LC)-tandem MS (MS/MS) with octadecylsilica separation column, electrospray ionization and linear ion trap mass spectrometer. 
Volatile CWAs are highly toxic, so these compounds should be carefully handled using protective clothing within a fume hood and destroyed with sodium hypochlorite after experiment. Usage and synthesis of volatile CWA’s are approved by the Ministry of Economy, Trade and Industry of Japan.
Results and Discussion: CWA’s containing GB, soman, tabun, cyclohexylsarin, VX, RVX, HD, lewisite 1 (L1), HN1, HN2, HN3, 2-chloroacetophenone, o-chlorobenzylidenemalononitrile and capsaicin were separated and identified by GC-MS or GC-AED (split ratio of around 10) with their limits of detection (LOD) around 1 g/mL except for L1 (several g/mL). GC-PFPD (splitless injection) provided ultra-sensitive detection for nerve gases with LOD around 1 ng/mL. 
TBDMS derivatives of CWA hydrolysis products were separated and identified by GC-MS with LOD around 0.1 g/mL except for TDG (LOD around 1 g/mL). Pretreatment of the hydrolysis products was proven to be important for satisfactory extraction from complex matrix such as urine and soil extract. 
Severe sample matrix interference was encountered to prevent mass spectrometric identification for low concentration samples. Heart-cut method by selectable one-dimensional or two-dimensional GC-MS was necessitated for separation of the target compounds from the interfering compounds and mass spectrometric identification. 
Nerve gas adduct was detected by LC-MS identification of nerve gas-bound active site peptides digested with chymotrypsin from serum sample which was treated with SDS-polyacrylamide gel electrophoretic separation. By selecting the target mass peak of the adduct peptides, collision induced dissociation mass spectra provided the specific fragmentation patterns of the target peptides. Instead, GB was regenerated form the GB-ChE adduct samples by fluoride reactivation where around 10 g/mL GB adduction in serum could be proven.

In conclusion, by selecting proper pretreatment and chromatographic techniques depending on sample, target and detection level, exposure and existence of CWA’s can be verified from the evidence specimen with less than sub-ppb levels.
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