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Abstract

The aim of this study was to investigate the removal of dexamethasone from
aqueous solutions by sulfate radical under ultraviolet irradiation (UV/S;0g7?)
using the Response Surface Methodology (RSM). Dexamethasone removal
efficiency in this method by investigating the effect of pH variables between 3 to
9, persulfate (0.5-5 mM/L), initial concentration of dexamethasone (2-10 mg/L)
and reaction time (10 to 60 minutes) Was investigated. The results showed that
the UV/S;04¢2 process is effective in the complete removal of dexamethasone, so
that by decreasing the pH and concentration of the initial dexamethasone as well
as by increasing the concentration of persulfate and reaction time, the removal
efficiency of dexamethasone increases. The results of this study showed that the
UV/S;0s2 process can be optimized using the RSM. Dexamethasone removal
under optimal conditions of pH (7.7), persulfate concentration (2.7 mM/L), initial
concentration of dexamethasone (5.2 mg/L) and reaction time of 34 minutes is
100 %. So, It is recommended to use UV/PS process to remove dexamethasone
from aqueous solutions.

1. Introduction

Dexamethasone is a fluorinated glucocorticosteroid compound and is one of the most widely used drugs
in medical centers, so the amount of this drug in medical wastewater is significant and due to its special
chemical structure can not be easily removed by conventional wastewater treatment processes (Amooey
et al., 2016). Advanced oxidation processes (AOPs) usually involve the production and use of free
radicals as a strong oxidant to break down the structure of compounds that cannot be broken down by
common oxidants such as oxygen, ozone, and chlorine (Zhang et al., 2020). Recently, AOPs based on
the production of radical sulfate (SOs~) in the removal of resistant organic pollutants have been
considered (Devi et al., 2016). In these processes, sulfate and hydroxyl radicals that are activated by
ultraviolet light are used to destroy and degradation of pharmaceutical compound in aqueous solution
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(Li et al., 2017). In recent years, a study to remove dexamethasone from agueous solutions using
UV/S,0s?% and UV/H,0; processes was reviewed. The results showed that the highest dexamethasone
removal efficiency was 98% (Shokoohi & Salari, 2018). This study investigates the feasibility of
dexamethasone degradation as a sample of glucocorticosteroid drugs by photochemical processes using
ultraviolet-based sulfate radicals from aqueous solutions in laboratory comparison.

2. Materials and Methods

The effects of pH, persulfate, initial dexamethasone concentration and reaction time were studied. The
response surface method (RSM) based on the Box Benken design (BBD) was used to evaluate the effect
of independent variables on the response variable and predict the best response value. The main
advantage of RSM is to reduce the number of iterations of experiments to evaluate multiple parameters
and their interrelationships (Bina et al., 2018). The photoreactor used in this research was made in the
form of a glass. A low-pressure UV-C lamp with a quartz sleeve cover was placed in the middle of the
reactor. For complete mixing of the sample, a v Peristaltic pump was used to cause continuous
circulation of the contents of the photoreactor. The residual dexamethasone concentration was also
measured using a high-performance liquid chromatograph at 213 nm. In the present study, pH, oxidant
(persulfate) concentration, initial dexamethasone concentration and time were the independent variables
of the reaction and the rate of dexamethasone removal was studied as the response variable. Design of
experimental software was used to obtain the optimal conditions and data analysis. Analysis of variance
(ANOVA) was performed to evaluate the significant effects of independent variables on dexamethasone
removal efficiency as a response variable.

3. Results

The results showed that the increasing the oxidant dose from 0 to 2.75 mmol/L has significantly
increased the dexamethasone removal efficiency. The efficiency of the removal process also
significantly decreases with increasing initial dexamethasone concentration. The results of fitting
different models on the data showed that the quadratic model has a higher fit. The coefficient of R2 was
96.04%. Due to this, there is a good agreement between the values predicted by the model and the
results of the experiment. The results showed that the quadratic model is suitable for dexamethasone
removal by UV/S208-2 process. Based on the results, dexamethasone removal under optimal
conditions of pH (7.7), persulfate concentration (2.7 mMJ/L), initial dexamethasone concentration (5.2
mg/L) and reaction time of 34 minutes is 100%.

4. Discussion and Conclusion

Based on the results with decreasing pH, increasing persulfate concentration and contact time,
dexamethasone removal efficiency increased. The results showed the UV/S208-2 process can be
optimized in a certain number of experiments in the optimized phase using the response level statistical
model. Also, due to the maximum efficiency (100%) of dexamethasone in 34 minutes and due to the
stability of persulfate and the high oxidation ability of sulfate radicals, it can be removed from the
UV/S208-2 process to dexamethasone by aqueous solutions. It is suggested that mineralization rate of
dexamethasone using UV/PS process and the possibility of creating by-products should be identified
and investigated.
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Optimization of Dexamethasone Photochemical Oxidation
Process Based on Sulfate Radicals using Response Surface
Methodology
Kamyar Arman?, Majid Baghdadi?*, Alireza Pardakhti®
Abstract

Dexamethasone is one of the most widely used glucocorticosteroids in medical centers. Due to the
inefficiency of conventional treatment methods in its removal from wastewater, it is necessary to
evaluate the use of sulfate radicals to properly remove this contaminant from aqueous solutions. The
aim of this study was to investigate the removal of dexamethasone from agqueous solutions by sulfate
radical under ultraviolet irradiation (UV/S;0g?) using the Response Surface Methodology (RSM).
Dexamethasone removal efficiency in this method by investigating the effect of pH variables between
3 to 9, persulfate (0.5-5 mMY/L), initial concentration of dexamethasone (2-10 mg/L) and reaction time
(10 to 60 minutes) Was investigated. Dexamethasone concentrations were measured using a high-
performance liquid chromatography (HPLC) at 213 nm. The results showed that the UV/S,0s process
is effective in the complete removal of dexamethasone, so that by decreasing the pH and concentration
of the initial dexamethasone as well as by increasing the concentration of persulfate and reaction time,
the removal efficiency of dexamethasone increases. The results of this study showed that the UV/S;0s¢
Zprocess can be optimized in a certain number of experiments using the response surface methodology.
Dexamethasone removal under optimal conditions of pH (7.7), persulfate concentration (2.7 mM/L),
initial concentration of dexamethasone (5.2 mg/L) and reaction time of 34 minutes is 100 %. Due to the
stability and high oxidation ability of sulfate radicals (SO4), It is recommended to use UV/S;0s?
process to remove dexamethasone from aqueous solutions.

Keywords: Aqueous solutions, Dexamethasone, Photochemical, Response surface methodology,
Sulfate radical
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