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Introduction – Antibiotics are becoming the most frequently detected pharmaceutical compounds in the 

environment [1], to which the increased exposure of the bacteria communities creates conditions for the 

development of resistant pathogenic species [2], [3]. Vancomycin (VMN) is an amphoteric glycopeptide 

antibiotic used for treating infections caused by Gram-positive organisms. Incomplete removal of 

antibiotics and other drugs at wastewater treatment plants requires new approaches, such as advanced 

oxidation processes (AOPs), including application of UV irradiation and non-thermal plasmas. Both 

methods can activate extrinsic oxidants, such as hydrogen peroxide and persulfates, increasing the 

number of reactive species and thus potentially increasing the cost-effectiveness of the combined 

treatment process. In this study, degradation and mineralization of VMN was examined by UV photolysis 

(λ = 254 nm), pulsed corona discharge (PCD), UV/oxidant and PCD/oxidant combinations. The effect of 

various dosages of hydrogen peroxide (HP), peroxymonosulfate (PMS) and peroxydisulfate (PDS) on the 

VMN oxidation was assessed. In addition, the energy efficiency of the treatment methods was evaluated. 

 

Results and Discussion – All studied processes degraded VMN following the pseudo-first-order kinetics, 

although PCD oxidation demonstrated about four times more energy-efficient VMN degradation than the 

direct UV photolysis. Irrespective of the oxidant combination, an increase in the dose of external oxidant 

resulted in a linear increase in the calculated rate constant. However, the relative increase in reaction rate 

constants in PCD/oxidant combinations compared to unassisted PCD was somewhat higher than for the 

UV/oxidant combinations compared to the VMN photolysis. For all the studied processes, the 

degradation of VMN at pH 11 was faster than in acidic or neutral media. The addition of HP to UV 

photolysis showed a higher oxidation rate than other oxidants. In contrast, the PCD/PMS and PCD/PDS 

combinations proved to be more efficient in VMN oxidation than the PCD/HP. The use of UV/oxidant 

combinations has shown low-to-moderate mineralization efficiency reaching 20% and 40% TOC removal 

at neutral and alkaline pH, respectively. PCD and PCD/oxidant combinations demonstrated moderate-to-

high TOC removal, about 50% in alkaline and 70-90% in acidic/neutral solutions. Energy efficiency at 

VMN 90% degradation comprised about 37 and 203 g kW-1 h-1 for direct UV photolysis and unassisted 

PCD oxidation, respectively. The cost of added oxidants converted to the energy expense substantially 

reduced the energy efficiency of PCD/oxidant combinations. In turn, a slight decrease in energy 

efficiency and a considerable increase in mineralization make the UV/oxidant combinations more energy- 

and cost-efficient than UV photolysis. 

 

Conclusions – The studied AOPs were found to be very effective in decomposing the aqueous 

pharmaceutical vancomycin. All studied extrinsic oxidants demonstrated certain synergism with PCD and 

UV. The non-assisted PCD proved to be the most energy efficient and sustainable treatment method for 

VMN oxidation in water. 
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