
Figure 1. Chemical structure of 

dexamethasone 

Oxidation of dexamethasone by photochemical processes in aqueous 

matrices: A comparative study 

L. Onga, E. Kattel-Salusoo, N. Dulova 

Department of Materials and Environmental Technology, Tallinn University of Technology, 

Ehitajate tee 5, Tallinn, 19086, Estonia; +372 620 2823; liina.onga@taltech.ee 

 
Introduction – Widely used anti-inflammatory corticosteroid 

dexamethasone (DXM, Figure 1) is frequently detected in 

waterbodies due to its massive consumption and incomplete 

removal in conventional wastewater treatment plants [1,2]. In 

addition, DMX is on the WHO Model List of Essential Medicines 

and has been successfully used to treat patients critically ill with 

COVID-19 [3]. 

Application of advanced oxidation processes (AOPs) using 

reactive oxygen species - hydroxyl (HO•) and sulfate (SO4
•-) 

radicals – are promising methods to remove recalcitrant organic 

compounds from water and wastewater. The aim of this study was to investigate and compare the 

degradation and mineralization efficiency of DXM in ultrapure water by activated hydrogen peroxide 

(H2O2), peroxymonosulfate (HSO5
-), and peroxydisulfate (S2O8

2-) oxidation. The effect of pH, the type of 

oxidant, the addition of ferrous iron as an activator, the addition of UV radiation, and the composition of 

the groundwater matrix on the efficiency of the target compound decomposition was evaluated. 

 

Results and Discussion – The efficiency of DXM decomposition by (photo)chemical oxidation processes 

was studied in acidic, circumneutral, and alkaline media. The results of experiments carried out in 

alkaline media showed ≤10% and ~30% degradation of DXM within 2 hours of treatment in the 

oxidant/Fe2+ and UV-A/oxidant/Fe2+ systems, respectively. It should also be noted that mineralization of 

the target compound was not observed in alkaline media. 

The application of oxidant/Fe2+ systems at circumneutral pH resulted in 20-40% degradation of the target 

compound within 2 hours of treatment. The addition of UV-A radiation to the systems enhanced the 

degradation of DXM to ≥85%. Despite this, DMX mineralization was negligible as only 3-6% of Total 

Organic Carbon (TOC) was removed. 

The use of UV-A/oxidant/Fe2+ systems at acidic pH resulted in complete DXM degradation and removal 

of 27-38% TOC in 2 hours of treatment. The calculated pseudo-first-order kinetic constants for the target 

compound degradation were 0.121, 0.137 and 0.155 min-1 for the UV-A/HSO5
-/Fe2+, UV-A/S2O8

2-/Fe2+ 

and UV-A/H2O2/Fe2+ systems, respectively.  

Finally, the UV-A/oxidant/Fe2+ systems were applied to degrade DXM in groundwater to ascertain the 

effect of real water composition on oxidation efficiency. 

 

Conclusions – The addition of UV-A radiation substantially improved the DMX degradation by the UV-

A/oxidant/Fe2+ systems compared to oxidant/Fe2+ processes. The overall oxidation efficacy of the target 

compound at acidic pH was as follows: UV-A/H2O2/Fe2+ system ˃ UV-A/S2O8
2-/Fe2+ system ˃ UV-

A/HSO5
-/Fe2+ system. Regardless of the system used, DXM mineralization was incomplete. The UV-A 

radiation used suggests that these systems can be used with natural sunlight, which in turn indicates the 

sustainability of these water treatment technologies. 

 

References 

[1] X. Shen, H. Chang, Y. Sun, Y. Wan, Environ. Int., 134, (2020) article nr. 105278.  

[2] J. O. Ojoghoro, M. D. Scimshaw, J. P. Sumpter, Sci. Total Environ., 792, (2021) article nr. 1438306. 

[3] S. Noreen, I. Maqbool, A. Madni, Eur. J. Pharmacol., 894, (2021), article nr. 173854. 

 


