Optimization of analytical conditions for simultaneous determination of steroids and biomarkers of anthropogenic activity in constructed wetlands using a triple quadrupole 
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Steroids are often incompletely removed from the wastewaters. Concentrations of these compounds are indeed very low (ng/l), but still sufficient to cause estrogenic responses and to disrupt the function of various hormones in the body of aquatic organisms. It was thus analytical method proposed for the simultaneous determination of steroid endocrine disruptors, both natural and synthetic, after their derivatization, and some biomarkers of anthropogenic activities (DEET, cotinine and galaxolide) without derivatization, in the water. Developed method includes the following steps: solid phase extraction (SPE), derivatization and gas chromatography with mass spectrometry. Optimization of SPE (Oasis HLB) parameters achieved an acceptable recovery yield of steroids (80-109%), with a standard deviation in the range of 2-10% for six determinations and for 22 substances in total. Elution was performed with 12 ml of methanol and methyl tert-butyl ether mixture (10 + 90 vol.). Derivatization was carried out using the MSTFA activated II reagent (N-Methyl-N-trimethylsilyltrifluoroacetamide activated with trimethylsilyl ethanethiol allowing silylation of hydroxyl groups and keto groups in one step after keto groups enolization). Enolization-silylation reaction is rather complex, where steroid hormones containing keto groups are converted to their enol tautomers under certain conditions; the original and the generated hydroxyl groups are then silanized by above mentioned silylating agent to form silyl enol derivatives. The measurements of silylated derivatives were performed using Triple Quadrupole GC-MS (Thermo Scientific Trace 1310 split/splitless injector, mass spectrometer TSQ 8000, autosampler Al 1310). Separation of compounds was carried out using a capillary column DB-5 ms. Temperature program was optimized so as all possible substances were separated. Quantitation was performed using SRM (Selected Reaction Monitoring) experiment where for each substance the precursor ions, fragment and optimized collision energies have been selected. For the quantification the addition of selected labeled (deuterated) internal standards was used. Under optimum conditions, the linear calibration range of 10 to 5000 ng l-1 with a correlation coefficient (R2) of 0.99 at least for all test compounds was achieved. The proposed method is currently under verifiying process using spiking experiments and wastewater from constructed wetlands plants and the results will be used to check the effectiveness of the whole cleaning process.
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