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Abstract. ZnO nanoparticles were synthesized by precipitation method and successfully performed in
the degradation of organic contaminants namely ofloxacin and methyl orange under UV irradiation.
The photocatalytic pollutants detoxication of 100% was reached in 60 min for the antibiotic and in 120
min for the dye. The reaction can be described by pseudo-first-order model.
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Introduction

Dyes and antibiotics are the main organic pollutants of wastewater that cause
environmental contamination and climate change. They not only affect the quality of aquatic
organisms but also pose a threat to the health and and wellbeing of humans and other living
organisms [1-3]. The widespread presence of organic pollutants in wastewater is a result of their
use in various industries such as dyeing and pharmaceutics for diseases treatment. Moreover, the
non-biodegradable nature and incomplete metabolism of antibiotics in the human body facilitate
their accumulation in water. The accumulation of methyl orange and ofloxacin in water can lead
to carcinogenesis, mutagenesis and respiratory toxicity, posing a serious threats to living
organism. Therefore, the development of methods for decontaminating organic pollutants attracts
much attention. Photocatalysis, a method for detoxification of organic pollutants by their
mineralization into water and carbon dioxide, is a promising technology due to its mild
conditions, simple process, and environmentally friendly nature. Among the various
photocatalysts, ZnO has gained considerable attention due to its excellent transport properties,
low cost, and eco-friendliness [3, 4].

Results

In this work, ZnO nanoparticles were synthesized by the precipitation method using
Zn(CH3CO0),-2H,0 and NH,OH. The structure of prepared photocatalyst was studied by FTIR,
XRD, SEM, zeta potential measurement and low-temperature nitrogen adsorption/desorption.
Based on these research methods, it was established that the synthesized ZnO particles have
specific surface area of 40.94 m? g, total pore volume of 0.34 cm® g™ and pore diameter of
32.51 nm; the average crystallite size calculated using Debye-Scherrer’s equation is 18.0 nm, but
according to SEM data these ZnO nanoparticles form agglomerates of microsizes; zeta potential
data indicate a negative charge on the surface.

The catalytic effect of prepared zinc oxide was tested in the photodegradation reaction of
aqueous solutions of quinolone antibiotic ofloxacin (OFL) as well as azo-dye methyl orange
(MO) under UV irradiation at room temperature (UVA-Radiator 368, 9 W, A=369 nm). The
controlled experiments revealed that UV irradiation of a neat solution of OFL (10 mg L™) as
well as MO (13.5 mg L™ (in an absence of ZnO) for 180 min did not result in pollutant
degradation at room temperature and the photolysis process was hardly detected and therefore
was not considered. It indicated that ofloxacin and methyl orange exhibited high stability under



UV treatment and could be considered good models for photocatalyst testing. The mixture of
zinc oxide with water solutions of quinolone antibiotic or azo-dye was magnetically stirred for
30 min in the dark before UV irradiation in order to establish the adsorption-desorption
equilibrium between organic compound and photocatalyst, but without any change in pollutant
concentration. As a result, the removal of OFL and MO via adsorption process could be ignored.
Only after that dark condition, the photocatalysis of the pollutant degradation was initiated. The
concentration of OFL and MO was monitored after reaction solution filtration as a function of
time by measuring the absorbance at their maximum wavelength (Amax) 0f 286 and 466 nm using
UV-Vis spectroscopy.

In the presence of zinc oxide under UV irradiation the photocatalytic detoxication of OFL
and MO aqueous solutions intensively occurred. The decreasing of organic pollutant
concentrations with time C/C, (where Cy — the initial pollutant concentration, C — the pollutant
concentration at a specific time during the UV light treatment) was obsereved. After 60 min, the
concentration of ofloxacin (50 mg of ZnO) decreased from 1 to 0, while the concentration of
methyl orange (30 mg of ZnO) decreased to 0.22 after 60 min and to 0 after 120 min. These
results indicated that ZnO exhibits high photocatalytic activity in the degradation reaction of
pollutants under UV irradiation, providing 100 % removal of OFL for 60 min and MO for 120
min of reaction, respectively.

It was established that photocatalytic detoxication of ofloxacin and methyl orange in water
using photocatalyst ZnO and UV treatment followed the first order reaction and the rate
constants from a linear relationship from the plot of In(Cy/C) versus time were calculated.

Conclusions

ZnO nanoparticles obtained in one step from cheap reagents have demonstrated a
magnificent photocatalytic performance in quinolone antibiotic ofloxacin and azo-dye methyl
orange removal from water under UV treatment with efficiency of 100% for 60 min (ofloxacin)
and for 120 min (methyl orange). These findings open up perspectives for its application in
pollutant detoxication and environmental protection.
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