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1. Introduction – Nowadays, pharmaceutical 

residues, especially Non-Steroidal Anti-

inflammatory drug (NSAIDs), are being detected in 

several aquatic environments around the world [1]. 

Furthermore, it has been reported that those 

compounds negatively affect the aquatic species [1]. 

Research has found that drugs, especially in a mixture 

and at certain concentrations, can reduce the 

reproduction of some aquatic species [2]. In that 

sense, the last decade, novel treatments have been 

studied to remove those emerging contaminants, 

since they are not easy to biodegrade [3]. In this work, 

our group has considered evaluating statistically the 

removal of two environmentally relevant NSAIDs, 

diclofenac (DCF) and ibuprofen (IBU), from a drug 

mixture solution by catalytic wet peroxide oxidation 

(CWPO) with a lab-prepared magnetic catalyst in 

continuous mode. Proof concept was also carried out using different water matrices (pharmaceutical 

wastewater, surface water and wastewater treatment plant).  

 

2. Results and Discussion - Results from the statistical evaluation demonstrated optimal removals of total 

organic carbon, total phenolic compounds, and aromatic compounds above 70% in a wide range of pH 

values (pH 3-5). The optimal removal was obtained at [DCF]0 = 11.85 mg L-1, [IBU]0 = 10.15 mg L-1, 

catalyst mass = 0.4 g, [H2O2]0 = 104.5 mg L-1 and feed stream pH of 3 (i.e., Figure 1). Furthermore, it was 

found that the catalyst composed by magnetite supported on multi-walled carbon nanotubes showed high 

catalytic activity for removing NSAIDs from a mixture of them (above 85% at optimal conditions). The 

significant efficiency of continuous CWPO can be attributed to the synergistic effect of adsorption–

CWPO. From the proof of concept, it was highlighted that the application of continuous CWPO to three 

real environmentally relevant aqueous matrices, spiked with DCF-IBU mixture, showed relatively high 

removal of TOC and of aromatic compounds, i.e., above 50%, except for hospital wastewater effluents 

(HW). The aromatic compounds in HW were reduced in the first 100 min, increasing afterwards. The first 

stage could indicate the degradation and the second stage could indicate the generation of aromatic 

compounds from pollutant degradation. 

 

3. Conclusions - The results obtained support the application of the continuous CWPO with 

Fe3O4/MWCNT as an efficient treatment for highly degradation of emerging contaminants from aqueous 

solutions and from real aqueous matrices.   
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Figure 1. Removal of TOC from a DCF-IBU aqueous mixture 

by   CWPOreaction. Reaction conditions: [DCF]0= 11.85 mg L-

1, [IBU]0= 10.15 mg L-1, catalyst mass = 0.4 g, [H2O2]0= 104.5 

mg L-1and feed stream pH of 3. 
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