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Abstract. The contamination of aquatic environments by enrofloxacin, a 
commonly used veterinary antibiotic, poses serious risks to both ecosystem 
health and human safety. This study investigates the potential of calcium 
oxide-zinc oxide (CaO-ZnO) composites derived from oyster shells for the 
UV-enhanced degradation of enrofloxacin in water. The CaO-ZnO 
composites were synthesized via calcination of oyster shells mixed with zinc 
oxide and characterized using X-ray diffraction (XRD) to determine their 
mineral properties. Enrofloxacin was detected at a maximum absorption 
wavelength of 272 nm using UV-Vis spectroscopy. The removal efficiency 
of the CaO-ZnO composites was assessed at room temperature, with varying 
contact times (30-150 minutes) and pH levels (3, 6, and 9). The results 
demonstrated that the CaO-ZnO composite achieved the best performance 
at pH 3, with a removal efficiency of 42.87% after 150 minutes. Under UV 
light from sunlight, the removal efficiency was significantly enhanced, 
reaching 61.04% compared to 14.53% for CaO. These findings suggest that 
CaO-ZnO composites derived from oyster shells are promising materials for 
the effective UV-enhanced removal of enrofloxacin from contaminated 
water sources. However, further improvements are needed by optimizing 
additional parameters to enhance their effectiveness.  

1 Introduction 
The presence of pharmaceutical residues in aquatic environments, particularly enrofloxacin, 
has become a pressing global concern [1]. Enrofloxacin, a fluoroquinolone antibiotic, is 
extensively used in veterinary medicine and aquaculture due to its high efficacy against 
bacterial infections in livestock and fish [2]. In aquaculture, it is often administered through 
medicated feed or directly into aquatic systems to control bacterial outbreaks that threaten 
fish health and farming operations [3]. However, a substantial fraction of the administered 
antibiotic remains unmetabolized and is excreted in its active form, either as the parent 
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compound or its metabolite [4]. These residues enter aquatic ecosystems via uneaten feed, 
fish excreta, and untreated or inadequately treated effluents from aquaculture facilities. Their 
accumulation in water bodies poses significant risks due to the compound's persistence and 
low biodegradability, resulting in environmental contamination and potential threats to 
human and ecosystem health. 

Adsorption is a cost-efficient and practical method for reducing the concentration of 
organic compounds in wastewater [5]. This technique works by capturing organic 
compounds on the surface of adsorbent particles, facilitated by interactions with the active 
sites on the adsorbent surface [6]. The effectiveness of adsorption depends largely on factors 
such as the surface area, the number of active sites, and the ease with which the target 
compounds can access the adsorbent [7, 8]. Various adsorbents have been studied for the 
removal of organic pollutants from waters, including beach sand [9], activated carbon [10, 
11], volcanic soil [12, 13], pumice [14, 15], zeolites [16, 17], chitosan [18, 19], silica (SiO2) 
[20, 21], magnetite [22, 23], bentonite [24, 25] and composite materials [26, 27]. Recently, 
there has been a growing emphasis on developing cost-effective, locally sourced adsorbents 
to enhance the sustainability and efficiency of wastewater treatment. 

Oyster shells, a byproduct of fisheries rich in calcium carbonate (CaCO₃), are increasingly 
being considered as a natural adsorbent for capturing organic pollutants in wastewater [28, 
29]. Their abundant availability along the coastal areas of Alue Naga (Banda Aceh) and their 
porous surface structure present significant potential for wastewater treatment applications. 
Through the calcination process, CaCO₃ from oyster shells can be transformed into calcium 
oxide (CaO), which possesses basic properties, a larger surface area, and more active sites 
for adsorption [30]. However, while CaO can adsorb various contaminants, its capability is 
limited to physical adsorption without chemically degrading pollutants, particularly complex 
organic compounds like antibiotics. The effectiveness of CaO as an adsorbent is also hindered 
by its low chemical stability and lack of photocatalytic properties, which are crucial for 
pollutant degradation. To address these limitations, CaO needs to be composited with 
semiconductor materials such as ZnO to impart photocatalytic properties capable of breaking 
down organic compounds in water. ZnO is a well-known semiconductor with a bandgap 
energy of 3.4 eV, offering antibacterial properties, chemical stability, and high efficiency for 
photodegradation [31]. It has been widely utilized in wastewater treatment due to its ability 
to decompose organic pollutants through photocatalysis. To date, no research has explored 
the characteristics and potential of CaO-ZnO composites derived from oyster shells as an 
adsorbent for enrofloxacin, leaving their adsorption capacity largely unknown. Therefore, 
this study will investigate the ability of these composites to remove enrofloxacin from water 
under UV Light. 

2 Experimental 

2.1 Materials 

This research was conducted in the Marine Chemistry and Biotechnology Fisheries 
Laboratory, Faculty of Marine and Fisheries, Universitas Syiah Kuala. The primary samples, 
consisting of oyster shells, were collected from Alue Naga Coastal, specifically at the 
geographic coordinates of 5.5461° N latitude and 95.3747° E longitude. The collected 
samples were then rinsed with distilled water, dried at 100°C, and ground into a powder 
before being used as raw materials for preparing calcium oxide (CaO). All chemicals used in 
this experiment, including enrofloxacin (C19H22FN3O3), zink chloride (ZnCl2), methanol 
(CH3OH), hydrogen chloride (HCl), and sodium hydroxide (NaOH), were sourced from 
Merck and were of high-grade quality. 
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2.2 CaO-ZnO composite preparation 

The preparation of calcium oxide (CaO) from oyster shells involved an initial cleaning and 
drying process to remove contaminants. The oyster shells were then calcined at 800°C for 3 
hours. During this thermal treatment, the calcium carbonate (CaCO₃) in the oyster shells 
decomposed, producing CaO and releasing carbon dioxide (CO₂). A total of 2.5 g of CaO 
was mixed with 125 mL of H2O and 10 mL of methanol, then stirred using a hotplate at 40ºC 
for 3 hours until homogeneous. While stirring, 2.5 g of ZnCl2 was added and allowed to react 
for the specified time. After 3 hours, the CaO-ZnCl2 mixture was filtered using filter paper 
and a vacuum pump to obtain the residue. The resulting solid was dried in an oven at 80oC 
for approximately 30 minutes until a constant weight was achieved. The obtained solid 
powder was then calcined in a furnace at 800oC for 3 hours to form the CaO-ZnO 
biocomposite. Finally, the biocomposite was characterized using XRD. 

2.3 Enrofloxacin adsorption 

2.3.1 Effect of contact time 

An amount of 0.05 g of adsorbent was added to 10 mL of enrofloxacin solution with a 
concentration of 25 mg/L. The mixture was stirred for 0.5 to 2.5 hours at room temperature 
(30 °C). After the adsorption period, the treated solutions were centrifuged for one minute, 
and the final enrofloxacin concentrations were measured using a UV-Vis spectrophotometer. 
The adsorption efficiency (%A) and enrofloxacin uptake capacity (qt, in mg/g) were then 
calculated using Equations 1 and 2, respectively. 
 

 
 
where C0 and Ct are the initial enrofloxacin concentration (mg/L) and the enrofloxacin 
concentration after ‘t’ time (mg/L), respectively; m is the mass of the adsorbent (g), and V is 
the total volume of the enrofloxacin solution (L). 

2.3.2 Effect of pH 

To evaluate the effect of pH on enrofloxacin removal, enrofloxacin solutions (25 mg/L) with 
pH values of 3, 6, and 9 were prepared by adjusting the pH with either HCl or NaOH. Each 
solution was stirred thoroughly and then allowed to stand for 2.5 hours at room temperature 
(30°C). After this period, the mixtures were centrifuged for one minute to separate the 
adsorbent particles. The enrofloxacin concentration in the resulting supernatant was 
measured using a UV-Vis spectrophotometer. The adsorption capacity, expressed as uptake 
capacity (qt, in mg/g), was then calculated using Equation 2. 

2.4 Enrofloxacin photodegradation 

A total of 0.05 g of CaO-ZnO composite was mixed with 10 mL of enrofloxacin solution at 
the optimal concentration and pH which produced the highest adsorption capacity from the 
adsorption process. The mixture was stirred under UV light for 2.5 hours. After the 

 

 %A = (C0	-	Ct) x 100
C0

 (1) 

 

qt = (C0	-	Ct) x V
m  (2) 
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photodegradation process, the enrofloxacin concentration in the solution was measured using 
a UV-Vis spectrophotometer. The degradation efficiency of enrofloxacin using the CaO-ZnO 
composite was calculated using Equation 1.  

3 Results and discussion  

3.1 XRD analysis 

The XRD results of CaO and CaO-ZnO composites are presented in Figure 1. The results 
revealed distinct crystallographic characteristics for each material. For CaO, the XRD 
diffraction pattern displayed sharp peaks at 2θ angles of approximately 8.95°, 17.90°, 27.02°, 
and 45.67°. Meanwhile, the CaO-ZnO composite exhibited similar peaks to those of CaO. 
Additionally, two new peaks were observed at 2θ angles of around 47.46° and 56.55°, which 
were presumed to be characteristic of ZnO. This assumption was supported by Zhang et al. 
[32], who reported characteristic ZnO peaks at 2θ angles of approximately 47.65° and 56.55°. 
These findings confirmed the successful formation of the CaO-ZnO composite. 

3.2 The maximum wavelength of enrofloxacin 

The maximum wavelength of the enrofloxacin solution was determined using a UV-Vis 
spectrophotometer, as shown in Figure 2. The wavelength was identified by recording the 
absorbance of the enrofloxacin solution within the range of 250 nm to 500 nm. The results 
revealed a maximum wavelength at 272 nm, where the enrofloxacin molecules exhibited the 
strongest interaction with light, producing the highest absorbance peak. This peak served as 
a key marker for detecting or quantifying enrofloxacin concentration, as each compound 
possesses a distinct absorbance profile in a specific wavelength range. Consequently, 272 nm 
was chosen as the optimal wavelength for enrofloxacin analysis using the UV-Vis 
spectrophotometer. 
 

 
Fig. 1. XRD spectra of CaO and CaO-ZnO biocomposite. 
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Fig. 2. The maximum wavelength of enrofloxacin in water. 

3.3 The influence of contact time on enrofloxacin adsorption 

Adsorption time is a crucial parameter influencing the adsorption process of a substance onto 
an adsorbent material [33]. Figure 3 illustrates the adsorption capacity of the biocomposite 
for enrofloxacin uptake at various contact times ranging from 30 to 150 minutes. The data 
revealed a rapid increase in adsorption capacity, reaching 0.94 mg/g within the first 30 
minutes, indicating a high initial adsorption rate. This rapid uptake can be attributed to the 
abundance of active sites on the biocomposite during the initial phase of the process. The 
adsorption capacity continued to rise, reaching 1.21 mg/g at 60 minutes. However, after 60 
minutes, the adsorption rate gradually decreased, eventually plateauing as equilibrium was 
approached around 120 minutes, with a final adsorption capacity of 1.25 mg/g and a 
percentage adsorption of 25.68%. This trend suggests that over time, the active sites on the 
CaO-ZnO biocomposite became saturated, limiting further adsorption. 

 

 
Fig. 3. Adsorption capacity of composite for enrofloxacin uptake from 0-150 minutes. 
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3.4 The influence of pH on enrofloxacin adsorption 

Figure 4 illustrates the effect of pH on adsorption capacity of CaO-ZnO biocomposite for 
enrofloxacin adsorption. The results showed that the composite achieved the best 
performance at pH 3, with a removal efficiency of 42.87% and an adsorption capacity of 
2.318 mg/g. As the pH increased, the adsorption capacity declined to 1.098 mg/g at pH 6 and 
0.705 mg/g at pH 9. This behavior is attributed to the surface charge of the biocomposite, 
which is negatively charged due to the deprotonation of hydroxyl groups. At acidic pH, 
enrofloxacin molecules are positively charged due to the protonation of their amine groups, 
creating strong electrostatic attraction with the negatively charged biocomposite surface and 
significantly enhancing adsorption capacity. Conversely, at basic pH, both the biocomposite 
surface and enrofloxacin molecules acquire negative charges due to the deprotonation of 
hydroxyl and carboxyl groups, respectively, resulting in electrostatic repulsion and a reduced 
adsorption capacity. Thus, the higher adsorption efficiency at acidic pH is primarily driven 
by favorable electrostatic interactions between the biocomposite and enrofloxacin molecules. 
 

 
Fig. 4. Effect of pH on adsorption capacity of composite for enrofloxacin adsorption. 

3.5 Enrofloxacin photodegradation 

Figure 5 shows the percentage of enrofloxacin removal using CaO and CaO-ZnO 
biocomposites under two conditions: without UV and with UV exposure. Without UV 
irradiation, the CaO-ZnO biocomposite achieved a significantly higher removal efficiency 
(42.87%) compared to CaO (13.25%), indicating that the addition of ZnO enhanced the 
adsorption capacity. Under UV exposure, the removal efficiency increased for both materials, 
with the CaO-ZnO biocomposite reaching 61.04%, while CaO achieved only 14.53%. This 
improvement under UV light highlighted the photocatalytic activity of the CaO-ZnO 
biocomposite, which significantly contributed to the degradation process. The biocomposite 
of CaO-ZnO exhibited higher enrofloxacin removal efficiency under UV irradiation 
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compared to CaO due to the synergistic effect of ZnO's photocatalytic properties. ZnO acted 
as a photocatalyst, generating reactive oxygen species (ROS), such as hydroxyl radicals 
(•OH) and superoxide anions (•O2−), when exposed to UV light [34, 35]. These ROS are 
highly reactive and effectively degraded organic pollutants, such as tetracycline. In contrast, 
CaO primarily functioned as an adsorbent and lacked significant photocatalytic activity. 
Overall, the CaO-ZnO biocomposite demonstrated superior performance compared to CaO 
in removing enrofloxacin, particularly under UV irradiation, making it a promising material 
for water treatment applications. 
 

 
Fig. 5. Enrofloxacin removal using CaO and CaO-ZnO biocomposites without and under UV light 
irradiation. 

4 Conclusion 
The oyster shell-derived CaO-ZnO composite demonstrated better performance than CaO in 
removing enrofloxacin from water, especially under UV irradiation, achieving a removal 
efficiency of 61.04% compared to 14.53% for CaO. This improvement is attributed to the 
photocatalytic properties of ZnO, which enhanced the degradation of enrofloxacin. The best 
performance was observed at pH 3 due to favorable electrostatic interactions. These results 
highlight the potential of CaO-ZnO composites as an efficient and sustainable material for 
addressing antibiotic contamination in water systems. Further parameter optimization is 
recommended to enhance their performance. 
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