
Accepted Manuscript

Medium-High Frequency Ultrasound and Ozone based Advanced Oxidation for
Amoxicillin Removal in Water

Rana Kıdak, Şifa Doğan

PII: S1350-4177(17)30042-1
DOI: http://dx.doi.org/10.1016/j.ultsonch.2017.01.033
Reference: ULTSON 3527

To appear in: Ultrasonics Sonochemistry

Received Date: 4 November 2016
Revised Date: 3 January 2017
Accepted Date: 23 January 2017

Please cite this article as: R. Kıdak, S. Doğan, Medium-High Frequency Ultrasound and Ozone based Advanced
Oxidation for Amoxicillin Removal in Water, Ultrasonics Sonochemistry (2017), doi: http://dx.doi.org/10.1016/
j.ultsonch.2017.01.033

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.ultsonch.2017.01.033
http://dx.doi.org/10.1016/j.ultsonch.2017.01.033
http://dx.doi.org/10.1016/j.ultsonch.2017.01.033


  

1 

 

Medium-High Frequency Ultrasound and Ozone based Advanced Oxidation for 

Amoxicillin Removal in Water 

 

Rana Kıdak
1*

, Şifa Doğan
1
  

 
1
Cyprus International University, Faculty of Engineering, Department of Environmental 

Engineering, Nicosia, Northern Cyprus, Mersin 10, Turkey. E-mail addresses: rkidak@ciu.edu.tr 

(Rana Kıdak), sdogan@ciu.edu.tr (Şifa Doğan). 

 

Abstract 

In this study, treatment of an antibiotic compound amoxicillin by medium-high frequency 

ultrasonic irradiation and/or ozonation has been studied.  Ultrasonic irradiation process was 

carried out in a batch reactor for aqueous amoxicillin solutions at three different frequencies 

(575, 861 and 1141 kHz). The applied ultrasonic power was 75 W and the diffused power was 

calculated as 14.6 W/L. The highest removal was achieved at 575 kHz ultrasonic frequency (>99 

%) with the highest pseudo first order reaction rate constant 0.04 min
-1 

at pH 10 but the 

mineralization achieved was around 10 %. Presence of alkalinity and humic acid species had 

negative effect on the removal efficiency (50 % decrease). To improve the poor outcomes, 

ozonation had been applied with or without ultrasound. Ozone removed the amoxicillin at a rate 

50 times faster than ultrasound. Moreover, due to the synergistic effect, coupling of ozone and 

ultrasound gave rise to rate constant of 2.5 min
-1

 (625 times higher than ultrasound). In the 

processes where ozone was used, humic acid did not show any significant effect because the rate 

constant was so high that ozone has easily overcome the scavenging effects of natural water 

constituents. Furthermore, the intermediate compounds, after the incomplete oxidation 

mechanisms, has been analyzed to reveal the possible degradation pathways of amoxicillin 

through ultrasonic irradiation and ozonation applications. The outcomes of the intermediate 

compounds experiments and the  toxicity was investigated to give a clear explanation about the 

safety of the resulting solution. The relevance of all the results concluded that hybrid advanced 

oxidation system was the best option for amoxicillin removal. 
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