
Introduction
The global consumption of antibiotics ranges from 
100 000–200 000 tons per year (1). About 30%–90% 
of antibiotics enter aquatic environments without 
being metabolized through body waste, medical waste, 
medical livestock, industries, etc. These drugs have been 
found in different concentrations, from nanograms to 
micrograms, in drinking water, domestic sewage, and 
surface and underground water (2,3). These findings 
show that antibiotics are incompletely decomposed in 
treatment plants and can enter receiving waters (4,5). 
Antibiotics have increased bacterial resistance, which is 
considered a threat to the health of humans and other 
organisms. Also, their presence in the sewage system 

disrupts the activity of sewage treatment bacteria (6,7). 
The antibiotic vancomycin (VCM) was first identified 
in 1950. This antibiotic is a beta-lactam-glycopeptide 
antibiotic used to treat gram-positive bacterial infections 
(8). Due to the complex structure of drugs, conventional 
processes for treating water and wastewater cannot 
decompose and remove these compounds. Biological 
treatment is ineffective in removing these compounds 
due to the low reaction speed, the need for sludge 
disposal, accurate control of pH and temperature, and 
the removal of effective bacteria by antibiotics in the 
treatment. Also, physical methods are not efficient 
enough. Chemical treatment also leads to the production 
of harmful byproducts (4,9,10). Advanced oxidation 
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Abstract
Background: Vancomycin (VCM) is a critical antibiotic due to its high consumption and side effects, including increased bacterial 
resistance affecting treatment processes. This research investigated the efficiency of VCM antibiotic removal from an aqueous 
solution using a UV/Fe3O4@Alg-ZnO integrated process. 
Methods: Response surface methodology (RSM) and a Box-Behnken design were applied using Design-Expert software to 
optimize the number of samples and simultaneously understand the interactive effects between variables. X-ray diffraction (XRD), 
a vibrating-sample magnetometer (VSM), field effect scanning electron microscopy (FE-SEM), and Fourier transform infrared 
(FTIR) analyses were used to check the structural characteristics. The effects of initial catalyst concentration (0.1, 0.3, and 0.5 
g/L), initial pollutant concentration (10, 30, and 50 mg/L), contact time (10, 30, and 50 minutes), and pH (3, 7, and 11) on VCM 
decomposition rate were investigated. Spectrophotometry, total organic carbon (TOC), and GC-MS analyses were used to check 
the efficiency of the process. 
Results: In this study, VCM and TOC removal efficiency was 92.64% and 85.38%, respectively, under optimal conditions. The 
reason for the reduction in the efficiency of the combined UV/Fe3O4@Alg-ZnO process in real raw sewage, after activated sludge 
(13%) and after activated sludge and stabilization ponds (24%), is the high COD, which causes the active radicals produced to 
be spent on other species instead of the VCM antibiotic.
Conclusion: The current study showed that the UV/Fe3O4@Alg-ZnO process performs well in removing VCM and TOC. In real 
wastewater, this efficiency was significantly reduced.
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processes (AOPs) are suitable for removing antibiotics 
from aqueous solutions. These environmentally friendly 
processes oxidize and mineralize a wide range of organic 
pollutants by forming active radicals with high reactivity. 
Photocatalysis with semiconductors is one of the AOPs 
with high oxidation potential (11-14). In photocatalytic 
processes, a semiconductor is used as a catalyst, and 
UV radiation excites the catalyst electrons. The excited 
electrons produce hydroxyl radicals (oOH) through 
various reactions (15-17). These radicals effectively 
break down organic compounds into their simpler and 
often less toxic structures. Among the AOPs, ultrasound/
hydrogen peroxide, ozonation, O3/UV, O3/H2O2 and 
O3/H2O2/UV as hydrogen peroxide-based methods 
(e.g., H2O2/UV, Fenton, Fenton-like, hetero-Fenton, 
and photon-Fenton), and heterogeneous photocatalysis 
(TiO2/UV and TiO2/H2O2/UV systems) can be used for 
oxidative degradation of organic pollutants and their 
conversion to products such as carbon dioxide and 
water in various environmental contexts (18-22). Several 
heterogeneous catalysts used in photocatalysis include 
metal oxides (Al2O3, MnO2, CeO2, and TiO2), zeolites 
modified with metals, and metals supported on media 
such as activated carbon (23,24). Zinc oxide (ZnO) is 
a semiconductor used to decompose water pollutants. 
ZnO nanoparticles are low-cost, non-toxic, stable, and 
highly photosensitive and excitable under sunlight. This 
nanoparticle has an energy gap of 3.2 eV, which absorbs 
a large part of the energy of the UV spectrum and has 
the highest absorption in the wavelength range of 360 to 
385 nm (25,26). ZnO nanoparticles tend to accumulate, 
reducing their contact surface and making it difficult 
to separate them from the environment. Studies have 
shown that using the nanoparticles in combination 
with oxidizing substances can increase their efficiency. 
Using iron oxide combined with a catalyst is a suitable 
method for destroying pollutants. Magnetite (Fe3O4) is 
the usual form of magnetic iron oxide, which increases 
the efficiency of photocatalytic activity due to features 
such as high surface-to-weight ratio, high density of 
reaction sites, chemical stability, non-formation of 
polycyclic products, reduction of recombination of 
produced electrons and holes, prevention of catalyst 
escape, and rapid oxidation of pollutants, (27,28). 
Various materials are used to increase the stabilization of 
catalysts to improve efficiency. Sodium alginate with the 
chemical formula (C6H7O6Na) n is a natural biopolymer 
that is extracted from a type of brown algae. Due to its 
availability, compatibility with hydrophobic molecules, 
non-toxicity, adhesive strength, and suitable mechanical 
properties, this material is used to create the necessary 
substrate to prevent the escape of nanoparticles (29). This 
study’s main innovation and objective is the modification 
of ZnO with Fe3O4 and Alg to improve the degradation 
and mineralization of the antibiotic VCM.

Materials and Methods
Reagents 
VCM (CAS Number: 1404-93-9), sodium salt of alginic 
acid from brown algae (C6H7O6Na, with medium viscosity, 
CAS number: 9005-38-3), iron oxide Fe3O4 nanopowder/
nanoparticles (Fe3O4, 98 + %, 20–30 nm) and zinc oxide 
(ZnO) (CAS Number: 1314-13-2; Catalog No.: 8849) 
were acquired from Merck, Germany. A solution (0.01 N) 
of H2SO4 and NaOH available in the laboratory was used 
to determine the pH conditions of the samples.

Preparation and characterization of the catalyst 
First, 1 g of Fe3O4 nanoparticles was dissolved in 100 
mL of 2.5 g/L sodium alginate solution, and the mixture 
was subjected to ultrasonic waves for 30 minutes. Then 
0.5 gr of ZnO was added to the mixture and subjected 
to ultrasonic waves for 30 minutes. To prepare samples, 
a small amount of the solid sample was dispersed in 
ethanol, and small drops of the solution were placed on 
an aluminum grid. The grid was dried for 1–2 hours in a 
vacuum oven at 40 °C. X-ray diffraction (XRD) analysis 
(model, PertPro used a Cu-Ka beam, copper-cathode) 
was used to determine the structure and crystalline phase 
of nanoparticles. Vibrating-sample magnetometer (VSM) 
analysis was used to compare the magnetic properties of 
Fe3O4 nanoparticles and Fe3O4@Alg-ZnO catalyst, and 
FT-IR analysis was used to determine their structural 
characteristics. FESEM was carried out using a Hitachi 
S-4800 microscope. 

Experimental procedure 
Photocatalytic experiments were conducted in a batch 
reactor system and on a laboratory scale. A low-pressure 
UVA mercury lamp (6 W) was placed vertically inside 
the quartz reactor chamber with a volume of 300 mL. 
VCM antibiotic solution, in addition to the Fe3O4@
Alg-ZnO nanocomposite, was placed in the reactor and 
subjected to ultraviolet radiation and photodegradation. 
To increase the contact surface of the catalyst and the 
pollutant, the solution inside the reactor was thoroughly 
stirred by a mechanical stirrer (South Korea-MS300HS) 
to prevent the deposition of the nanocomposite on the 
bottom of the reactor. A VCM stock solution with a 
concentration of 100 mg/L was prepared synthetically to 
perform the experiments. This stock solution was used 
to prepare samples with specific concentrations (10, 
30, and 50 mg/L). The prepared samples with specific 
concentrations were poured into the beaker, and then the 
pH of the solution was adjusted using (0.01 N) H2SO4 and 
NaOH and a pH meter at room temperature (25 ℃) in 
the range of 3, 7, and 11. Samples were poured into the 
reactor in order, and specific doses of catalyst (0.1, 0.3, 
and 0.5 g/L) were added to the reactor. The contents were 
exposed to a UVA lamp (Philips 244855 UV 6W) and 
mixed using a stirrer. The reaction times of 10, 30, and 50 



Antibiotic removal from synthetic and wastewater using UV/Fe3O4@Alg-ZnO

Health and Development Journal. Volume 13, Number 1, 2024 3

minutes were tested. After conducting the experiments, 
Fe3O4 nanoparticles were separated from the solution 
by a Tesla magnet, and the samples were evaluated by a 
spectrophotometer (UV-1900i, Shimadzu) to determine 
the VCM removal efficiency. The total organic carbon 
(TOC) reduction rate was also measured under optimal 
conditions, and the metabolites produced during VCM 
degradation were analyzed by a GC-MS device with 
Agilent 6890 and MS 5973N (made in the USA) with a 
DB-5MS column 60 meters long.

Analytical methods 
In order to determine the VCM removal efficiency, 
the absorbance of the samples was measured after 
centrifugation by a UV-Vis spectrophotometer equipped 
with a quartz cell (Apel model, PD/uv303) with a 
wavelength of 280 nm.

VCM removal efficiency was calculated according to 
Equation 1, where R is VCM removal percentage (%), C0 
is the primary concentration of VCM (mg/L), and Ce is 
the secondary concentration of VCM (mg/L).

0 e

0

C -CR = 
C  × 100                                                  (1)

RSM model 
In this study, the sample size, the number of tests, the 
determination of pollutant removal efficiency, and 
the relationship between variables were determined 
using RSM (response surface methodology) and a Box-
Behnken design. In this method, considering four factors, 
three levels (low, middle, and high) for each factor, coded 
as + 1, 0, and -1 (Table 1), and one replication for each 
experiment, 29 Runs were obtained by Design-Expert 
software, which is presented in Table 1. These factors 
include catalyst concentration (0.1, 0.3, and 0.5 g/L), 
initial pollutant concentration (10, 30, and 50 mg/L), pH 
(3, 7, and 11), and contact time (10, 30, and 50 minutes).

Results 
Characterization of Fe3O4@Alg-ZnO nanocomposite
The characterization, surface morphology, and 
distribution of Fe3O4@Alg-ZnO nanocomposite were 
studied using the field effect scanning electron microscopy 
(FE-SEM) technique (Figure 1).

The results of the XRD test showed that ZnO has a 
hexagonal crystal structure, iron oxide is magnetic, and 
its crystal type is rhombohedral. The intensity of the peaks 

shows that doping with iron and placing it instead of Zn 
destroys the crystal structure to some extent. As shown in 
Figure 2a, the XRD patterns for ZnO sample No. 0075-
080-01 and iron oxide No. 1165-087-01 are consistent with 
their standard card; no additional peak is observed, which 
shows the purity of ZnO. Diffraction peaks confirm the 
synthesized Fe3O4@Alg-ZnO nanocomposite structure 
(30). Figure 2b shows the graph obtained from the VSM 
analysis. The graph showed that the magnetic property of 
Fe3O4@Alg-ZnO nanocomposite (66.7 emu/g) has been 
slightly reduced compared to Fe3O4 nanoparticles (68.9 
emu/g) (31).

The results of the FT-IR analysis are given in Figure 3a in 
relation to the Fe3O4@Alg-ZnO nanocomposite spectrum 
and in Figure 3b in relation to the Fe3O4 nanoparticle 
spectrum. In examining Figure 3a, the peak at 3380.06 
cm-1 shows O-H stretching vibrations. The band formed 
in peak1 2920.66 cm is also related to C-H stretching 
vibrations, which indicates the carbon chain in the Alg 
molecule used in nanocatalyst synthesis. According 
to Waldron, ferrites can be considered crystals with 
continuous bonds (32), i.e., atoms are bound with an 
equal force (ionic, covalent, or Van der Waals force). 
The 1643.05 cm-1 peak can be related to the stretching 
vibrations of COOH- or C = O or due to the H-O-H 
bond caused by water molecules adsorbed on the surface, 
which indicates the attraction of the surface of iron oxide 
nanoparticles to the hydroxyl group and ultimately the 
dependence between the core Fe3O4 and the ZnO shell. 
The 1387.53 cm1 peak is related to C = O or O-H, the 
1424.17 cm-1 to COOH- or C = O, the 1252.54 cm-1 peak 
to C-O, the 1146.47 cm-1 peak to O-H, and the 87.1027 
cm-1 peak to C-O and O-H. The 874.56 cm-1 peak is due 
to Zn-C bonding, and the 815.742 cm-1 peak is related to 
Zn-C or Zn-OH due to ZnO and alginate bonding. Also, 
the 539.007 cm-1 peak shows the stretching vibrations 
related to the Fe-O bond caused by Fe3O4 (33).

Modeling and statistical analysis 
ANOVA analysis, shown in Table 2, was used for 
statistical analysis. These values were obtained by Design-
Expert software for the linear regression model and used 
to optimize VCM removal. This analysis shows that the 
selected model significantly affects the photocatalytic 
process and that the dependent variables significantly 
affect the removal efficiency. Before determining the 
model, the necessity of any type of “transformation” in 

Table 1. Descriptive characteristics and levels of measured independent variables

Factor Name Units Min Max Coded Low Coded High Mean

A pH - 3.00 11.00 -1 ↔ 3.00  + 1 ↔ 11.00 7.00

B Time min 10.00 50.00 -1 ↔ 10.00  + 1 ↔ 50.00 30.00

C VAC ppm 10.00 50.00 -1 ↔ 10.00  + 1 ↔ 50.00 30.00

D Cata g/L 0.1000 0.5000 -1 ↔ 0.10  + 1 ↔ 0.50 0.3000
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the comparisons of independent variables was checked 
using the Box-Cax diagram, the results of which are as 
follows:

Based on the obtained results, there was no need to 
convert the observed values. Then, among the different 
linear, quadratic, and cubic models, a model was proposed 
based on the R2 value. Based on the findings related to 
the fit of the models, the linear model had the highest R2 
and predicted R2. The results showed that the model had a 

good fit. The high value of R2 (0.93) shows that the model 
has good validity, there is a good correlation between the 
experiment results, and only 6.56% of the total variation 
is not explained by this model. The closeness of the 
adjusted R2 value (0.92) to the R2 value (0.93) shows that 
the model has high significance. The difference between 
the predicted R2 value (0.89) and the Adjusted R2 value 
(0.92) is less than 0.2, which is favorable and significant. 
The coefficient of variance (CV) (0.16) value shows the 
test’s reliability and the model’s repeatability. The value 
of adequate precision (35.03), which measures the signal-
to-noise ratio, is in the acceptable range (4 and above) 
and shows that the model has high accuracy. The low 
standard deviation (SD = 8.40) shows that the selected 
model fits the experimental data.

The results also show that the P value is not significant 
above 0.1; the P value of 0.003 shows the statistical 
significance of the model. The F-value of 8.04 emphasizes 
the significance of the model in removing VCM. Response 
(R1) and independent variables (A, B, C, and D) can be 
related to a second-order regression model according to 

Figure 1. FE-SEM images: (a) Fe3O4@Alg-ZnO nanocomposite (1:10), 
(b) Fe3O4@Alg-ZnO nanocomposite (1:20), (c) Fe3O4 and (d) ZnO nano 
crystallite

Figure 2. Characterization of Fe3O4@Alg-ZnO nanocomposite: (a) XRD 
and (b) VSM

Figure 3. FTIR spectra of (a) the Fe3O4@Alg-ZnO nanocomposite and (b) 
Fe3O4 nanoparticles

Table 2. ANOVA for linear model

Source
Sum of 
squares

df
Mean
Square

F-value P value Significancy

Model 9347.10 4 2336.78 8.04 0.0003 Significant

A-pH 2713.52 1 2713.52 9.34 0.0054

B-Time 2766.71 1 2766.71 9.52 0.0051

C-VAC 3736.86 1 3736.86 12.86 0.0015

D-Cata 130.02 1 130.02 0.4474 0.5099

Residual 6974.21 24 290.59

Lack of Fit 6947.28 20 347.36 51.59 0.0008 Significant

Pure Error 26.93 4 6.73

Cor Total 16321.32 28

counts



Antibiotic removal from synthetic and wastewater using UV/Fe3O4@Alg-ZnO

Health and Development Journal. Volume 13, Number 1, 2024 5

equation 2. The system’s behavior can be explained based 
on this equation. According to the coefficient of each 
factor in this equation, it is possible to predict the relative 
effect of that factor on the amount of removal.

R1 = 58.658 - 15.0375A + 15.1842B - 
17.6467C + 3.29167D + 13.0775AB + 13.99AC - 2.36AD 
- 4.415BC + 4.01BD + 1.575CD - 0.0848333A2 - 2.23233B2 
- 4.52858C2 - 3.61108D2                                                    (2)

Therefore, by removing the coefficients that are not 
significant, equation 2 can be rewritten as equation 3.

R1 = 58.65 - 15.04A + 15.18B - 17.65C + 3.29D                (3)

In equation 3, R1 is the percentage of VCM removal, 
and A, B, C, and D are coded variables related to pH, time, 
pollutant concentration, and catalyst concentration, 
respectively. 

In order to check the fitness of determined model, the 
predicted values of model were depicted on y axis versus 
the actual values on the other axis of graph. In case of 
ideal goodness-of-fit, the predicted values should be in 
concordance with the actual one, so they are arranged 
on a straight line diagonally. Respect to Figure 4a except 
to the extreme lower and upper values, in overall almost 
points are near to diagonal line, appropriate goodness-
of-fit. Figure 4b shows standardized (Z-score) difference 
between predicted and actual values. This graph 
checks any systematic deviation from zero value as the 
concordance between actual and predicted value by the 

model, moreover this graph like as graph a. explores 
any systematic deviation, in cases which there is such 
deviation in model. As it has shown, there is not any 
systematic deviation, so the model has enough goodness-
of-fit over different values. 

The effects of the studied parameters on the efficiency of 
the UV/Fe3O4@Alg-ZnO integrated process
One of the factors affecting the efficiency of the pollutant 
degradation process is the initial concentration of the 
pollutant. The present study evaluated VCM pollutant 
degradation at 10, 30, and 50 mg/L. Referring to 
Figure 5, the removal efficiency decreases by increasing 
the pollutant concentration.

To investigate the effect of the initial concentration of 
the catalyst on the efficiency of the U/Fe3O4@Alg-ZnO 
process, the oxidation process was evaluated with the 
catalyst concentrations of 0.1, 0.3, and 0.5 g/L. Referring 
to Figure 5, as the amount of catalyst increases, the VCM 
removal also increases. The degradation of the VCM 
antibiotic was evaluated by the UV/Fe3O4@Alg-ZnO 
process at pH values of 3, 7, and 11. Figure 5 shows the 
three-dimensional diagram of the response surface based 
on pH and contact time variables. As the pH decreases, 
the degradation rate increases. The UV/Fe3O4@Alg-ZnO 
process had the highest efficiency at pH = 3. 

The reaction time is one of the essential variables for 
designing and managing an oxidation process. The 
degradation of the VCM antibiotic was investigated 
at 10, 30, and 50 minutes to investigate the effect of 
contact time on the efficiency of the UV/Fe3O4@Alg-

Figure 4. (a) Fit diagram and (b) the distribution diagram of the difference 
between the predicted value and the actual value based on different runs

Figure 5. (a). Response surface 3D diagram based on the VCM and time 
variables (pH = 7, Cata. = 0.3 g/L). (b). Response surface 3D diagram based 
on the Cata. and VCM variables (pH = 11, Time = 30 min). (c). Response 
surface 3D diagram based on the pH and contact time variables (VCM = 10 
mg/L, Cata. = 0.1 g/L). (d). Response surface 3D diagram based on the Cata. 
and contact time variables (pH = 7, VCM = 10 mg/L).



Rahrovan et al

Health and Development Journal. Volume 13, Number 1, 20246

ZnO photocatalytic process. According to Figure 5, 
there is a strong and significant relationship between UV 
irradiation time and photocatalytic activity, and changes 
in contact time have a positive correlation with removal 
efficiency. 

As stated below, the amount of electrical energy the UV 
lamp consumes to remove VCM in each test period was 
obtained from the following equation.

0

P×(t/3600)×3785EE/O =                                        (4)
V×log(C /C)

                                               (4)

That: 
P: lamp power (kW); t: reaction time(s); V: reactor 

volume (L); C0: initial concentration of VCM before 
contact; and C: concentration of VCM after exposure.

The results related to the amount of electrical energy 
consumed during the photocatalytic process are given in 
Table 3.

The effective parameters in calculating the energy 
consumption are the power of the UV lamp, the contact 
time, the reactor’s volume, and the precursor’s initial 
concentration before and after the process. Since the 
integration process in optimal conditions caused the 
removal of more VCM (92.64%), this issue increased the 
system’s efficiency due to the energy consumed by the 
UV lamp. 

In the next stage of the study, the photocatalytic 
efficiency of UV/Fe3O4@Alg-ZnO for VCM degradation 
in real wastewater was investigated (two different 
matrices were selected). Real raw wastewater along with 
secondary effluent from a wastewater treatment plant of 
Kashan University of Medical Sciences after activated 
sludge (COD = 300 mg/L, TDS = 122 mg/L, and pH = 7.85) 
and stabilization ponds (COD = 200 mg/L, TDS = 101 
mg/L, and pH = 8.22) were used for VCM degradation. 
After centrifugation at 3000 rpm and passing through 
a 0.2-micron filter, the samples were evaluated under 
optimal reaction conditions. Then, 30 mg/L VCM was 
added to the solution. The results of investigating the 
removal process of VCM in two matrices showed that 
the UV/Fe3O4@Alg-ZnO process can degrade VCM even 
in complex conditions if enough time is provided to 
complete the reactions.

Using a TOC analyzer, VCM mineralization was 
studied by measuring TOC under the optimal conditions 
of Catalyst = 0.3 g/L, VCM = 30 mg/L, pH = 3, and 
time = 10 minutes (Figure 6). The TOC removal efficiency 
was 85.38%. This result shows that the UV/Fe3O4@Alg-
ZnO process can convert a high percentage of TOC into 
minerals (water and CO2). VCM degradation metabolites 
during the UV/Fe3O4@Alg-ZnO process were analyzed 
by a GC-MS device with Agilent 6890, MS 5973N (made 
in the USA) with DB-5MS column 60 meters long, which 
is shown in Figure 7.

Discussion
The present study evaluated VCM pollutant degradation 
at 10, 30, and 50 mg/L. Increasing the pollutant 
concentration decreases removal efficiency because the 
pollutant molecules prevent ultraviolet radiation from 
reaching the catalyst. As a result, the production of oOH 
on the catalyst surface decreases. Also, oOH has a greater 
tendency to participate in side reactions with intermediate 
products resulting from high pollutant concentrations. 
On the other hand, the number of active oOH and the 
number of pollutant molecules is proportional, which 
is another factor affecting the efficiency of the process 
at higher concentrations. Because of the specific and 
constant capacity of the catalyst in producing active 
oOH, more time is needed to destroy and remove VCM 
molecules. The result of the present study was consistent 
with the study of Kaur et al for removing ciprofloxacin 

Table 3. Measurement of vancomycin removal percentage in 29 runs by the 
spectrophotometry device (vancomycin removal efficiency)

Run
Factor 1
A: pH

Factor 2
B: Time 
(min)

Factor 3
C: VAC 
(ppm)

Factor 4
D: Cata 

(g/L)

Response1
R1 (%)

EE/O 
(kw)

1 7 50 30 0.1 61.6 157.0

2 7 30 30 0.3 28.4 283.7

3 11 30 50 0.3 30.5 283.7

4 11 30 10 0.3 13.2 1135.0

5 3 30 50 0.3 44.6 162.1

6 7 30 30 0.3 60.0 103.2

7 3 30 10 0.3 83.3 49.3

8 7 30 30 0.3 62.1 94.6

9 7 30 10 0.5 83.2 49.3

10 7 30 10 0.3 61.2 31.5

11 3 50 30 0.3 77.4 99.1

12 3 30 30 0.1 54.6 113.5

13 7 50 50 0.3 40.2 314.0

14 3 10 30 0.3 92.6 126.0

15 7 30 30 0.3 45.2 162.1

16 7 30 10 0.1 89.5 39.1

17 7 10 50 0.3 30.5 94.5

18 7 50 10 0.3 88.5 67.2

19 7 10 30 0.5 13.7 378.0

20 11 50 30 0.3 62.0 157.0

21 7 30 50 0.5 30.5 283.7

22 11 10 30 0.3 25.0 126.0

23 7 30 30 0.3 39.4 189.1

24 7 30 50 0.1 30.5 283.7

25 7 50 30 0.5 83.4 81.9

26 3 30 30 0.5 68.4 75.6

27 11 30 30 0.5 57.0 113.5

28 7 10 30 0.1 7.9 378.0

29 11 30 30 0.1 52.6 126.1
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with the silver/iron oxide/ZO photocatalytic process (34). 
Also, in the study of Das et al on ciprofloxacin removal by 
the photocatalytic process of ZnO nanoparticles doped 
with Fe, the removal efficiency decreased with increasing 
pollutant concentration (35). Referring to Figure 6, as 
the amount of catalyst increases, the number of active 
sites on the surface of the nanocomposite increases, and 
then maximum photon absorption occurs. As a result, 
hydroxyl radical production increases, leading to an 
increase in VCM removal. In the study of Batterjee et 
al on the degradation of ciprofloxacin with ZnO/UV, it 
was observed that increasing the catalyst concentration 
up to the optimum point increased the removal 
efficiency (36). Debnath et al also confirmed this result 
in the photocatalytic degradation of amoxicillin by ZnO 
nanoparticles (37). In these processes, the reason for the 
decrease in removal efficiency at concentrations higher 
than the optimum point was the increase in the turbidity 
caused by catalyst particles. According to the following 
equations, ZnO has a positive charge at pH = 3, and this 
pH is known as a point charge (PZC). In acidic pH, the 
predominant species is ZnOH2

 + , while in alkaline pH, the 
predominant species is ZnO-.

Zn-OH + H + → ZnOH2
 +                                                                             (5)

Zn-OH + OH → ZnO- + H2O                                     (6)

Therefore, the adsorption of VCM, which has a negative 
charge, occurs more easily on the surface of ZnO, which is 
positively charged in an acidic environment. On the other 
hand, in alkaline conditions, ZnO is negatively charged 
like the VCM surface; therefore, electrostatic repulsion 
occurs between the two compounds. Also, in alkaline 
conditions, the catalyst particles tend to clump more. 
This clumping reduces the active surface and the specific 
surface of the catalyst and causes the reduction of the 
production of active oOH (38). In the study of El-Kemary 
et al on the photocatalytic degradation of ciprofloxacin 
using ZO nanoparticles, with decreasing pH, the removal 

efficiency decreased, and pH = 10 was considered 
optimal because this drug has maximum stability in 
acidic pH solutions. The COOH group in the structure 
of the compound is not ionized, and the basic nitrogen 
is completely protonated (39). In the study conducted 
by Toloman et al on the photocatalytic degradation 
of the antibiotic oxytetracycline using copper-doped 
ZnO-MWCNT nanocomposite based on visible light, 
the appropriate pH for pollutant degradation was about 
6. The removal efficiency was very low at alkaline pH, 
attributed to the repulsion between the photocatalyst 
and the pollutant, both negatively charged in alkaline 
conditions (40). With the increase of time, the amount 
of production of oOH by the catalyst and the probability 
of collision of VCM molecules with radicals increases. 
Chankhanittha and Nanan also proved this result in 
the photocatalytic degradation of antibiotic ofloxacin 
by ZnO/Bi2MoO6 (41). The reason for reducing the 
efficiency of the combined UV/Fe3O4@Alg-ZnO process 
in real wastewater is the high COD, in which the active 
radicals produced are spent on other species and VCM 
antibiotics. GC-MS analysis was done using Agilent 6890, 
MS 5973N (made in the USA) with a DB-5MS column 
60 meters long to identify intermediate products. From 
the identified straight chain intermediate products like 
benzene methyl (inhalation of concentrations higher 
than 200 ppm causes nausea, headache, memory loss, 
unconsciousness, and even death (42)), tetradecane (over 
a long period of exposure, it causes hearing loss, loss of 
color recognition, memory loss, decreased mental ability, 
damage to the central nervous system, reproductive 
system, immune system, kidney, liver, and brain, eye and 
skin irritation, and in case of swallowing, it causes nausea 
and vomiting (43)), hexadecane (rare allergic symptoms, 
i.e., itching, rash, swelling, especially in the face, tongue 
and throat, difficulty breathing, and severe dizziness 
(44)), hexadecanoic acid methyl ester (no significant 

Figure 6. VCM degradation in different aquatic environments (VCM = 30 
mg/L, Catalyst = 0.3 g/L, and UV = 6W)

Figure 7. GC-MS analysis diagram of vancomycin after photocatalytic 
degradation during the UV/Fe3O4@Alg-ZnO process
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health effect was found), 10-nonadecenal (no significant 
health effect was found), 9-octadecenamide (fatigue, 
constipation, flatulence, nausea, vomiting, loss of appetite, 
and eye and skin irritation (45)), oleic acid (in some 
cases, irritation of the respiratory system and mucous 
membrane and skin allergies (46)) hexadecanoic acid 
(skin irritation, serious eye irritation, serious eye damage, 
and respiratory irritation (47)), celidoniol (depression, 
headache, convulsions, tinnitus, itching, nausea, vomiting, 
diarrhea, abdominal pain, loss of appetite, inflammation 
of the oral mucosa, male infertility, mild to moderate 
liver and kidney failure, severe allergies, asthma, anemia, 
decrease in hemoglobin levels (48)), deoxy (headache, 
ringing in the ears, muscle weakness in the face, pain 
in the mouth or throat, difficulty swallowing, cardiac 
arrhythmia (49)), 1-chlorooctadecane (No significant 
health effect was found), pentacosane (no significant 
health effect was found), eicosane (sudden decrease in 
night vision, lung and liver damages, skin sensitivity to 
sunlight and UV rays, the feeling of skin stretching due to 
dryness of the skin on the face and around the lips, and 
the risk of causing physical and mental disorders for the 
fetus (50)), docosane (gastrointestinal symptoms such as 
nausea, indigestion, and stomach pain (51)), tetracosane 
(dizziness, irritability, seizures, bradycardia, palpitation 
and cardiac arrhythmia, hives, itching, nausea, and 
vomiting (52)), heptadecane (it may be fatal if swallowed 
and enters the respiratory tract (53)), 9-octadecenoic acid 
(low blood pressure (54)), and grease (infiltrating the 
devices and preventing them from functioning correctly 
and cooling them during operation (55)).

Conclusion
The main goal of this research was to measure the 
effectiveness of the combined UV/Fe3O4@Alg-ZnO 
process in removing the antibiotic VCM from water 
environments. In this process, in the optimal conditions 
of initial catalyst concentration of 0.3 g/L, initial antibiotic 
concentration of 30 mg/L, contact time of 10 minutes, and 
pH = 3, VCM and TOC removal efficiency was 92.64% 
and 85.38%, respectively. All factors were effective in 
removing VCM, and the most effective factors were the 
initial concentration of the pollutant and the duration 
of radiation. This research shows that the UV/Fe3O4@
Alg-ZnO process is promising for degrading organic 
compounds such as antibiotics and can be used efficiently 
for treating wastewater, including hospital wastewater. 
Considering the formation of byproducts resulting from 
the decomposition of VCM in 10 minutes, it is suggested 
that to complete the process, the duration of degradation 
be increased so that VCM is wholly converted into safe 
compounds. Also, as it achieves high process efficiency in 
a short period (10 minutes), this method is practical and 
applicable in industrial or hospital wastewater treatment. 
Wastewater toxicity evaluation and economic evaluation 

are suggested for future studies.
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