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1. Introduction – In recent years, the demand for water has been growing steadily, highlighting the 

importance of water treatment and reuse. The growing pharmaceutical industry, along with the lack of 

effectiveness of conventional wastewater treatment plants, has contributed to the rising occurrence of 

these chemicals in drinking water supplies and aquatic environments [1]. 

The aim of this work involves the use of carvacrol as a solvent for the multicomponent extraction of 

ciprofloxacin, trimethoprim, and sulfamethoxazole from a hospital aqueous matrix. Thus, a continuous 

process has been studied and the reuse of the terpene during several extraction stages has been evaluated. 

The effectiveness of the solvent after regeneration has also been tested. 

 

2. Experimental - Continuous extraction was carried out in a column of 8 mm internal diameter and 80 

mm length, packed with a bed of 2 mm diameter glass spheres. The feed consisted of a 50 mg/L 

multicomponent aqueous solution of ciprofloxacin, trimethoprim, and sulfamethoxazole in a hospital 

wastewater matrix. The operating temperature was 30ºC and the Solvent/Food ratios were 2.00, 1.00 and 

0.50. 

Five consecutive extraction steps were carried out in glass bottles with magnetic stirring at 30 °C for 12 

hours. The S/F ratio used was 1.00.  Fresh solvent was used for the first extraction step, whereas the 

extract from the previous step was applied for the following experiments. Finally, carvacrol was 

regenerated after stage 5 by vacuum distillation at 164 ºC and 20 mbar. 

 

3. Results and Discussion – The overall extraction 

yields of the continuous process showed values of 

about 97.8, 98.3 and 99.4 % for S/F ratios between 

0.50 and 2.00. As illustrated in Figure 1, extraction 

yields decrease as the number of stages rises, with the 

greatest variation for sulfamethoxazole. During the 5 

stages, reuse of the solvent led to extraction yields 

around 83%, 98% and 96% for sulfamethoxazole, 

trimethoprim, and ciprofloxacin, respectively. 

Furthermore, the regenerated carvacrol showed 

extraction yields similar to those obtained with the 

fresh solvent (stage 1). 

 
          Figure 1. Extraction yields during solvent reuse and after regeneration. 

 

4. Conclusions - Carvacrol has shown considerably high extraction yields of sulfamethoxazole, 

trimethoprim, and ciprofloxacin. Thus, green solvents such as terpenes seem to be a feasible alternative to 

conventional solvents for the extraction of pharmaceuticals in aqueous solution. In addition, the reuse and 

regeneration of carvacrol by vacuum distillation has been successfully tested. 
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