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FATE AND TRANSPORT OF CARBAMAZEPINE IN A SOIL AQUIFER TREATMENT (SAT) SYSTEM: EVALUATION OF A MONITORING STUDY AND SOIL COLUMN EXPERIMENTS

Gilboa Arye, Ishai Dror and Brian Berkowitz
Department of Environmental Sciences and Energy Research, Weizmann Institute of Science, Rehovot 76100 Israel
Emails: gilboa.arye@weizmann.ac.il; ishai.dror@weizmann.ac.il; brian.berkowitz@weizmann.ac.il
Carbamazepine (CBZ), an anticonvulsant and mood stabilizing drug, is found to be highly persistent in wastewater purification plants and when subsequently released to the environment. The CBZ molecule is relatively polar and lacks sites for specific interaction with soils; thus CBZ may not retard appreciably during its transport through the vadose zone and groundwater. Moreover, CBZ is reported to be resistant to biodegradation. As a consequence, CBZ has been suggested as an appropriate anthropogenic marker to track the fate of wastewater in aquatic systems. 

We study the fate and transport of CBZ in the Dan Region Reclamation Project (Shafdan) in Israel, where about one quarter of the country’s wastewater undergoes purification. The secondary treatment of raw wastewater consists of mechanical and biological treatment by activated sludge, with an additional step of nitrification-denitrification, and subsequent recharge of treated effluent to groundwater via infiltration basins, as a complementary tertiary treatment known as soil aquifer treatment (SAT). We examine the fate of CBZ before and after treatment with the SAT system. To date, our monitoring has detected up to 1300 ng/L of CBZ in the recharged effluent before SAT, and up to 700 ng/L after treatment, prior to use for irrigation. The latter may considered as an aggregate value from all recovery wells. Additional information on CBZ transport characteristics has been gained from a series of soil column experiments using soil samples taken from the SAT infiltration basin to a depth of 150 cm.

 The environmentally relevant concentrations of soil extracted CBZ reported in the literature and currently, measured by us, may range from a few ng/L up to several (g/L. These low concentrations pose a significant analytical challenge resulting from the fact that for laboratory-scale transport experiments, the available volume of target solution is relatively small (commonly a few milliliters) and thus, the obtainable quantity for extraction is often too small to be quantified accurately. We present here a method based on solid phase extraction (SPE) coupled to a liquid chromatography/tandem mass spectrometry (LC/MS/MS) system that enable us to analyze CBZ in down to 10 ng/L concentrations in a 2 ml sample. For each soil layer examined, the soil column was first leached of CBZ and subsequently loaded with secondary treated wastewater containing CBZ. The CBZ breakthrough curves resemble transport of a conservative tracer in most of the soil samples. We conclude that the measured reductions in CBZ concentrations after use of the SAT system may stem mainly from CBZ dilution and/or dispersion as the recharged water reaches the resident groundwater.   
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