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Abstract. The presence of antibiotics in wastewater is risky for the environment as the
conventional wastewater treatment plants are not always capable of removing them completely.
Therefore, antibiotics may enter the water bodies and affect the health of aquatic living
organisms. In this work, the effluent after the continuous flow activated sludge process was
collected and analyzed. The average total organic carbon (TOC) and metronidazole (MNZ)
concentrations were 43 £ 13.1 mg/L and 5.3 £ 0.2 mg/L, respectively. The catalytic activities of
TiO, TiO,, Bi»O3, and WOs3 were tested under the visible light (VIS, 500 nm) and near-visible
ultraviolet light (UV, 365 nm) irradiations. The structure and properties of the catalysts have
been verified using SEM-EDX and Mastersizer 3000. 25% of MNZ have been degraded under
VIS only after 150 min. Even though all four catalysts were able to degrade MNZ to some extent
(28-33%) after 150 min of VIS irradiation, they were not able to mineralize the organic
compounds of the wastewater. On the other hand, the application of UV alone and with the
catalysts resulted in the complete degradation of MNZ. Moreover, UV/TiO; achieved 52% TOC
removal after 150 min of the experiment.

1. Introduction

Rapid population growth and climate change are leading to the depletion of water resources worldwide
[1]. Currently, the global wastewater generation is estimated to be at 359.4x10° m? per year [2]. One of
the ways of tackling water scarcity is an implementation of adequate wastewater treatment practice and
re-use of the treated wastewater for agricultural and industrial purposes. Nowadays, 52% of the
generated wastewater is treated and 40.7x10° m® of wastewater is reused annually [2]. The release of
untreated wastewater is dangerous for the health of society and aquatic organisms. It may lead to water-
borne diseases as the untreated wastewater contains viruses, bacteria, protozoa, fungi, and other
microorganisms [3]. To increase the amount of treated wastewater, more wastewater treatment plants
(WWTP) need to be constructed, especially in low-income countries with a high population. Moreover,
the presence of emerging pollutants (EPs) in wastewater raises huge environmental concerns. EPs are
comprised of pharmaceuticals, pesticides, endocrine disrupting chemicals, and other recalcitrant organic
compounds [4]. Due to the stable structure of these compounds, some of them escape WWTPs based on
the activated sludge process and are released into the aquatic environment [5]. MNZ is a commonly
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used water-soluble antibiotic with a stable imidazole ring [5]. According to the previous reports, the
activated sludge process is not highly efficient in terms of MNZ removal [5-8]. Therefore, the search
for an adequate post-treatment technique for the removal of EPs is important. Advanced oxidation
processes (AOPs) could provide interesting solutions to this problem. AOPs are a large class of oxidative
techniques that mainly rely on the production of hydroxyl ((OH) and sulfate radicals (SO4™) [9,10].
Among different AOPs, heterogeneous photocatalysis receives great attention from researchers due to
the convenient separation and possible reuse of the photocatalyst [10,11]. Photocatalysts can be
activated by light, which results in oxidation of the electron hole in the valence band and reduction of
the electron in the conduction band. The generation of *OH radicals using photocatalysts (Cat) is shown
in equations 1 and 2 [12]:
Cat+ hv - eg, + h, (1)

h}, + H,0 » "OH + H* ()
In this work, TiO, TiO,, Bi»O3, and WO3 were used for the photocatalytic treatment of MNZ-containing
wastewater under visible (VIS) and ultraviolet (UV) light. The efficiencies of the photocatalysts were
compared in terms of TOC and MNZ removal.

2. Materials and Methods

2.1. Wastewater characteristics

The effluent containing MNZ was collected after a laboratory scale continuous flow activated sludge

process. The biological treatment results were previously reported [5]. Before the experiments, the

effluent was kept in the refrigerator at 4°C. The characteristics of the effluent are shown in Table 1.
Table 1. Characteristics of the effluent

Parameter Unit Value
Total carbon (TC) mg/L 69.5+13.8
Total inorganic carbon (TIC) mg/L 26.5+£3.4
Total organic carbon (TOC) mg/L 43 £13.1
MNZ mg/L 53+0.2
pH 7.8+0.1

2.2. Chemicals

Titanium (IV) oxide, anatase (< 25 nm), titanium (II) oxide (325 mesh), bismuth (III) oxide (90-210
nm), and tungsten (VI) oxide (< 100 nm) were used as catalysts and were purchased from Sigma-
Aldrich. All chemicals had an affinity of more than 99%.

2.3. Batch experiments and analysis

Experiments under UV light were conducted using a batch photochemical reactor with a 500 W lamp
(365 nm) and visible light experiments were conducted using a 150 W lamp (500 nm). Reactors were
equipped with constant agitation, heating, and cooling system. The volume of the solution was 400 mL.
Aliquots were taken every 30 minutes and filtered through cellulose membrane filters (0.45 pm).
Analytik Jena Multi N/C 3100 equipment was used to determine carbon content. MNZ was detected
using high-performance liquid chromatography. The method has been extensively described in the
previous work [5].

3. Results and Discussion

3.1. Characterization of the catalysts

The characterization of the catalysts was conducted using Zeiss Crossbeam 540 scanning electron
microscope (SEM) and Mastersizer 3000. SEM images of the catalysts were presented in Figure 1.
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Figure 1. SEM images of the photocatalysts used in this work (magnification: 10,000)
Figure 1 confirms that the particles of all four catalysts are at the nanoscale. However, TiO and TiO;
particles appeared to form agglomerates. The particle size distributions of the catalysts were measured

using Mastersizer 3000 (Figure 2).
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Figure 2. Particle size distribution of the catalysts

The median particle size for TiO, TiO,, Bi,Os; and WO; were 9.77, 3.21, 1.15, and 0.269 pm,
respectively. The specific surface area for TiO, TiO», Bi»O3, and WO; was 1344, 4178, 9026, and 25090
m?/kg, respectively.

3.2. Photocatalytic treatment of the effluent

The results of the photocatalytic treatment of the effluent with MNZ are shown in Figures 3 and 4.
Unfortunately, the use of visible light alone and with the catalysts did not lead to the mineralization of
the organic matter. On the other hand, visible light achieved 25% degradation of MNZ after 150 min.
The addition of the catalysts (0.5 g/L) did not lead to a significant increase in MNZ photodegradation.
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For example, Vis/Bi,O3 and Vis/TiO, both had 28% MNZ degradation, while the use of Vis/TiO and
Vis/WOj; processes resulted in 32% and 33% MNZ degradation, respectively.
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Figure 3. TOC removal during photocatalytic treatment of municipal wastewater (concentration
of the catalysts: 0.5 g/L)
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Figure 4. MNZ degradation during photocatalytic treatment of municipal wastewater

UV light was more efficient in mineralization than visible light. 16% removal of TOC was achieved
after 150 min of UV irradiation alone. Moreover, the combination of the catalysts with UV light
significantly improved the TOC removal efficiency. The highest TOC removal (52%) was achieved
using UV/Ti0,, followed by UV/Bi,03 (46 %) and UV/TiO (40 %). UV/WO3 demonstrated 30 % TOC
removal. As it is shown in Figure 4, the application of UV light alone resulted in 79% degradation of
MNZ after 30 min, while the combination of the UV with the catalysts resulted in complete degradation
of MNZ after 30 min. The efficiency of UV for MNZ degradation was previously described [13,14]. For
example, Shemer et al. achieved 12 % degradation of MNZ after 5 min of UV?3* ™ [ight irradiation. In
another work, Kanafin et al. reported 31 % MNZ degradation using UV?* ™ light after 30 min. The pH
evolution during the photocatalytic experiments is presented in Figure 5.
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Figure 5. pH evolution during photocatalytic treatment of MNZ-containing effluent

The experiments under visible light did not decrease the pH of the solution. On the other hand, the
decrease in pH could be observed for all experiments under UV. For example, the pH of the solution
dropped from 7.8 to 7.1 when TiO and TiO, were used as a catalyst. The decrease in pH could be
explained by the formation of intermediate compounds such as organic and inorganic acids [15].

4. Conclusions

The treatment of the MNZ-containing effluent was studied by visible and UV light photocatalysis. The
efficiencies of the processes were evaluated in terms of TOC removal and MNZ degradation. The
concentration of the catalysts was 0.5 g/L and the experiments lasted for 150 min. The main results of
this work are the following:

(a) No mineralization was achieved when the visible light was used alone and in combination with
the catalysts. MNZ photodegradation values after 150 min were 25% and 33% for visible light
and Vis/WOs, respectively.

(b)  The use of UV/TiO; resulted in the highest TOC removal (52%).

(c) MNZ was fully degraded under UV light after 60 min, while the combination of the UV with
the catalysts accelerated the process.
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