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Abstract. Antibiotic contamination in water environment remains a serious issue in Vietnam,
primarily caused by untreated and/or ineffectively wastewater from hospitals, pharmaceutical
factories, and antibiotic overuse in aquaculture and livestock. High levels of antibiotic residues, often
in pg/L range, have been detected in major rivers, fostering the spread of antibiotic-resistant bacteria
and genes. Despite the implementation of Vietnam’s National Action Plan on Antimicrobial
Resistance (2020-2025), weak wastewater treatment infrastructure continues to limit effective
control. The use of vermiculite (Ver) and TiO: carrier enhances the removal efficiency of norfloxacin
(NOR) from water by improving adsorption capacity and photocatalytic activity. Ver provides a large
surface area support for contaminant capture, while TiO: facilitates photocatalytic degradation of
NOR under UV or visible light irradiation. In this study, Ver was acid modified using HNO3, H2SO4
and HCI with concentration ranging from 1 to 3M. The soaking time ranged from 1 to 7 days.
Modified Ver was used as a TiO: carrier by sol-gel method to enhance the efficiency of both
photocatalytic and adsorption processes. The properties of the TiO2/modified Ver material were
evaluated using SEM, XRD, and Zeta potential analysis. With increasing soaking time, SEM images
reveal that the modified Ver surface becomes more cracked and porous compared to the smooth
surface of the original Ver. However, no significant difference was observed with changing soaking
time. Additionally, the Ver surface modified with HNO3 found more uniform porosity and cracks
compared to the other used acids. The XRD spectra of TiO2/modified Ver using HNO3; 3M showed
the strongest and clearest anatase TiO2 peak compared to the other samples. The TiO2/modified Ver
(soaked for 1 day in HNOs3 3.0M) also showed better adhesion and a more uniform TiO2 coating. The
Zeta potential of this modified material was the lowest and negative, indicating the strongest reduction
in TiOz2 particles electrostatic interaction, resulting in the most stable dispersion and a more uniform
surface. The removal efficiency of norfloxacin by Ver was only 20% whereas TiO2/modified Ver
material using H2SO4 3M, HNO3 3M and HCI 3M achieved of 74, 60 and 45%, respectively, under
fluorescent light with an initial norfloxacin concentration of 20 ppm and a material dose of 2.0g/L
after 6.0 hours. The treatment efficiency reached the highest 99% with flow rate ImL/min.
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Introduction

Norfloxacin (NOR), a fluoroquinolone antibiotic, is widely used in aquaculture. In Vietnam, it is
among the five most commonly used antibiotic groups in this sector [1]. The risk of NOR entering
the environment and affecting human health and aquatic life is high due to its persistence and potential
to induce antibiotic resietence. Therefore is necessary to have studies to evaluate the level of residues
in surface water and measures to reduce and handle them. A study conducted in 2016-2017 analyzed
wastewater from 39 healthcare facilities and detected NOR in all samples, with an average
concentration of 9.6 + 9.8 pg/l [2]. Integrated livestock farming systems bring economic benefits but
also pose a risk of surface water pollution due to antibiotic residues. According to the research results
of Le Hung Anh and colleagues in Ben Luc district, Long An province, the existence of antibiotic
residues was assessed. In 5 sampling locations, Ap 2 canal detected NOR antibiotic residues at 1.5
pug/L [3].The standard level for antibiotic contamination is often guided by Predicted No Effect
Concentrations (PNECs) to prevent ecological adverse effect and the selection of antibiotic resistance.
For norfloxacin (NOR), the PNEC for aquatic ecotoxicity, about 0.1 pg/L [4]. While Vietnam does
not currently have official threshold values for specific antibiotics in surface water. Studies have
shown the risk of antibiotic contamination in general and NOR in surface water due to the use and
inadequate control of waste sources [5,6]. Norfloxacin was detected in Saigon River water at
concentrations of 207.8 - 230.0 ng/L [7]. Many methods have been studied and applied to remove
antibiotic residues in the environment such as advanced oxidation (AOP) using ozonation, photolysis,
photocatalysis, adsorption, and biology. In particular, the photocatalytic method, using nano titanium
dioxide (TiO2) material, is of great interest because it creates hydroxyl free radicals (*OH) that can
completely treat most organic substances, including antibiotic residues [8-12]. Thermally modified
kaolin was used as an adsorbent to remove NOR with a fairly high efficiency (88.53%) with the
mechanism of creating F, H, O atoms in antibiotics that will covalently bond with O of kaolin and
aluminum oxide, hydroxide [13].

Vermiculite (Ver) is a natural mineral with a specific gravity of about 2 to 2.5; Vermiculite in the un-
swelled state is dark brown or white with different sizes: 0.1 to 0.7 (mm); 0.7 to 2 (mm) [14]. Ver has
neutral pH, is very light, has high porosity, contains many minerals such as zinc, aluminum,
magnesium and holds water well. However, the Ver surface is quite smooth, so it is difficult to coat
the surface with substances, so it is necessary to modify the Ver surface with acid to create a rough
surface, to effectively coat TiO2 by Sol-gel method. The resulting TiO2/modified Ver material has
both the photocatalytic properties of TiO2 and the adsorption properties of modified Ver, so it will be
a promising material for treating micropollutants such as NOR antibiotics in the water environment.
Nano TiO2 coated on Ver synthesized by the sol-gel process is a super light material, suspended or
floating on the water surface, increasing the ability to contact with air and thus further increasing the
photocatalytic properties of the material [15]. In the study of Thuong et al. (2024), Co, N-doped TiO:
immobilized on acid-activated vermiculite was used to remove ciprofloxacin from hospital
wastewater. The removal efficiency achieved over 80% thanks to a highly porous and roughened
vermiculite surface enhancing photocatalytic degradation [16]. The vermiculite/TiO2 composite
material prepared by the sol-gel method initially adsorbed organic pollutants (methylene blue) and
then underwent photocatalytic degradation by TiO.. The photocatalytic efficiency was increased by
about 5.3 times compared to the unmodified one and can be applied to treat antibiotics such as NOR.
Similarly, the Vermiculite/TiO2 composite nanofiber material containing 2wt% vermiculite showed
enhanced dual functionality: vermiculite provided the adsorption capacity, while TiO: enabled
photocatalytic degradation (tested with methylene blue as a model). The optimized nanofibers
reached a faster reaction equilibrium and outperformed pure TiO: fibers in terms of adsorption-
photodegradation synergy [15,17].
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Research Methods
Water samples

Norfloxacin water samples were prepared using 1g/L Norfloxacin standard solution and distilled
water with an initial concentration of 20ppm. Norfloxacin was purchased from Tokyo chemical Ltd.

Equipment and chemicals
Equipment: The main equipment used in the study is given in Table 1.

Table 1. The main equipment used in the study.

No | Equipment/Apparatus Specifications Origin Laboratory
1 Fluorescent lamp 10W, T8, 60cm, white light Vietnam Institute of Energy and
2 UV lamp 365nm, 8W Environmental Science
3 Analytical balance Accuracy 10* mg ADAM UK — Vietnam Academy of
4 | Heating stove with | Hotplate Stirrer Jenway 1000 | UK Science and
magnetic stirrer Technology (IEES -
5 Furnace maximum temperature 1000 | Germany VAST)
°C Carbolite
6 Ultrasonic vibrator 35 kHz, 225/450W, Bandelin | Germany
SONOREX Super PR
7 Drying oven INB 500 Memmert Germany
8 X-ray diffraction Siemens - D5000 USA Institute of Chemistry,
VAST
9 High performance liquid | Shimadzu Japan IEES - VAST
chromatography
10 | SEM Hitachi S-4800 FE-SEM Japan Institute of Materials
Science, VAST

Chemicals: Tetra isopropyl orthotitanate Ti(OC3H7)s 98% (TTIP) Merck, Germany; Diethanolamine
C4H11NO2 (98%) (DEA), China; Ethanol C2HsO (99%) (EtOH) China; HNO3, H2SO4 and HCI:
Merck, Germany.

Method of surface modification of Ver material by acid

Vermiculite (Ver) was modified using HNO3, H2SO4 and HCI acids with concentration ranging from
1 to 3 M according to the following diagram (Fig. 1) [18-20].

Sieved Ver
(6mm)

slowly add 250 ml 20g
aid (13M) Ty

{

Rmnse with distilled
water until pH =7

Dry the material at
100°C for 1 hour,
then bake at 500°C
for 4 hours.

Fig. 1. Ver acid modification process using
HNOs3, H2SO4 and HCI (concentration from
1 to 3M).
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Coating the modified Ver material with sol nano TiO;

Procedure for coating the modified Ver material with nano TiO2 using sol-gel method was as follow
[21,22]:
e Weigh 20 g of modified Ver into a 250 mL conical flask, slowly pour 100 mL of TiOx2 sol
solution into the flask, mix well. Seal the flask with a cork stopper.
e Shake gently for 1 hour.
e Leave the flask open for a period of time until a milky white gel layer forms on the modified
Ver layer.
e Mix well the gel layer + modified Ver.
e Dry at 90°C for 2 hours.
e After drying, the material is baked at 500°C for 30 minutes and 550°C for 3 hours (heating
rate 2°C/min) for TiO2 forms nano-coating on Ver when the sample is calcined.
e After heating, let the nano TiO2/modified Ver materials cool to room temperature.

Investigation of NOR removal ability of TiO2/modified Ver material

Assessment of the NOR degradation (removal) efficiency of the TiO2/modified Ver material
under visible light is convenient in laboratory scale system (Fig. 2) based on the previous studies
[23,24]. For each experiment, 2 g of photocatalyst were packed into a quartz tube (1 cm inner
diameter, 20 cm length), which was illuminated using a T8 LED lamp (60 cm, 10 W, Rang Dong,
Vietnam) as the visible light source. A 2-liter aqueous solution containing 20 ppm norfloxacin was
placed in a reservoir and continuously circulated through the system using a diaphragm water pump
at flow rates of 1.0; 1.5 and 2.0 mL/min up to 25 hours based on the previous study [16]. The
concentration of NOR in the water samples was quantified using high-performance liquid
chromatography (HPLC, Shimadzu LC-10AD vp, Japan) equipped with a C18 Resteck column (4.6
x 150 mm) and a UV-Vis SPD-10A detector set at a wavelength of 280 nm [25].

— @) )
amp
= (-

Material column

Pump Dark box

Fig. 2. Schematic diagram of experimental system to evaluate the efficiency of NOR
degradation (removal) by fabricated materials.

Results and Discussion
Morphology of modified Ver and nano TiOz/modified Ver material

Based on the previous research where soaking time investigated was 5-7 days [26] and the study of
Herrera & Aylon (2019) which reported that the optimal soaking time is 1-2 days [27], in this study,
the soaking times chosen were 1-7 days. The finding showed a clear difference was seen between
days 1 and 7 so only these results were presented (figure 3,4). SEM images (Fig. 3) of the control
(unmodified VER material (Fig. 3a) and soaked in HNO3, H2SO4 and HCI 3M acids (Fig. 3b-d). As
shown in Fig. 3a, the surface of the Ver material is smooth, making it difficult to coat TiO2 on the
surface, while Fig. 3b,c and d show that the surface of the Ver material shows signs of cracking,
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peeling and roughness after 1 day of soaking in acid solution. When increasing the soaking time from
1 day to 7 days, the results show that the Ver surface becomes more cracked, porous and rough (Fig.
3e-g). The porosity and cracking of the Ver soaked in HNOs3 solution are more uniform than those of
other acids. However, when increasing the soaking time to more than 7 days, the change is
insignificant, so in the next study, the soaking time will be chosen as 1 day. In addition, for all 3 acids,
the results showed that the best Ver surface modification was when used at the highest acid
concentration 3M. The acid modification of Ver is a time-dependent process involving cation
exchange and dehydroxylation. Soaking Ver in strong acids (HNOs, H2SO4, or HCI) replaces
interlayer cations (Mg?*, Ca?*, K*) with H*, increasing surface area and porosity while leaching
structural cations (AI**, Fe*") and reducing cation exchange capacity (CEC). The reaction typically
follows pseudo-first- or pseudo-second-order kinetics: a rapid phase (1-3 hours) involves ion
exchange and surface dissolution, followed by a slower phase (up to 24—48 hours) with deeper
structural degradation. A 1-day soaking time was chosen in this study to balance effectiveness and
prevent excessive leaching or collapse [27].
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Fig. 3. SEM images of modified VER when VER was modified in acids with different soaking
times: Control- unmodified VER material (a); Modified Ver — HNO3 3M, 1 day (b); Modified Ver —
H2S04 3M, 1 day (c); Modified Ver, HCI 3M, 1 day (d); Modified Ver - HNO3 3M, 7 days (e);

Modified Ver — H2SO4 3M, 7 days (f) and Modified Ver — HCI 3M, 7 days (g).

For nano TiO2/Ver materials and the nano TiO2/modified Ver coating when Ver was soaked in acid
solution for 1 and 7 days, there was a significant difference in adhesion and TiO2 coating density.
Fig. 4a-c are SEM images of nano TiO2/Ver samples soaked for 1 day, acid concentration was 1M
and Fig. 4d-f soaked for 7 days in HNO3, H2SO4 and HCI1 1M solutions, respectively. However, the
obtained TiO2 crystals had a more uniform and dense adhesion on the Ver surface when Ver was
soaked in HNO3 3M. This means that the TiO2 crystals will have high quality and good photocatalytic
activity.

The results showed that the modified Ver was a suitable substrate material for TiO., with the surface
displaying small round particles with a grain size of 5 to 10 nm, uniformly distributed on the Ver
surface. Some rod-shaped crystals with a size from 10x10x50 to 500 nm were presented after 7-day
soaking (see Fig. 4d-f). The rough surface of the material enhanced the adhesion and contact of the
catalyst material and pollutants in the aquatic environment.

XRD analysis of unmodified raw Ver and nano TiO>/modified Ver material

The XRD patterns of nano TiO2/Ver samples are illustrated in Fig. 5. The high peak at 26 = 6.28°
related to vermiculite (0,0,2) phase of Alo.721Feo24H3Mgi 33809 Sii.36 composition. For the TiO2/Ver
samples, the significant diffraction peak at 25.4° can be clearly observed, which is indexed to the
(101) plane of TiO: anatase (Figure 5c-e). After treating Ver with HNO3, H2SO4, or HCI, the peak
positions remained unchanged, but the intensity of the TiO: anatase peaks increased compared to the
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corresponding peaks observed for the unmodified samples. Additionally, the diffraction peak at 25.4°
of Ver treated with HNO; was slightly narrower than those of other acid treatments, suggesting that
this acid might be suitable for preparing Ver support.

IMS-NKL 5.0k 5. 2mm x30.0k SEM) IR ' 00um IMS-NKL 5.0kV 5

Fig. 4. SEM images of Nano TiO2/ modified Ver using 3 acids with different soaking times: Nano
Ti02/modified Ver - HNO3 1M, 1 day (a); Nano TiO2/modified Ver — H2SO4 1M, 1 day (b); Nano
TiO2/modified Ver - HCI 1M, 1 day (c); Nano TiO2/modified Ver - HNO3 1M, 7 days (d); Nano
TiO2/modified Ver — H2SO4 1M, 7 days (e) and Nano TiO2/modified Ver - HCI 1M, 7 days (f).

For the nano TiO2/Ver sample modified in H2SO4 environment, the TiO2 peak intensity in the samples
is almost similar, insignificant difference is seen in both concentration of H2SO4. For the HCI
solution, it is also similar, the anatase TiO2/Ver peak intensity in the samples modified at different
acid concentrations are all insignificantly different. Comparing the 3 acidic environments (HNO3,
H2SO4 and HCI), XRD analysis shows that HNOs significantly increases the intensity of the TiO-
anatase peaks in the modified TiO./Ver sample, while HCl and H>SOs do not show significant
improvements in these intensities. The results in Fig. 5 also show that the TiO2/ modified Ver using
HNOs 3M is the most promising, the anatase TiO2 peak intensity is the strongest and clearest
compared to the remaining samples.

Zeta measurement

Use the Zeta measurement method in this study to evaluate the stability of the interaction between
particle and solution. As can be seen in Table 2, the nano TiO2/modified Ver materials using HNO3
3M with the most negative zeta values. This means that the TiO2/modified Ver material-HNO3 3M
for the lowest zeta value, the stronger the electrostatic repulsion between particles, leading to better
dispersion stability in the solution [28]. The negative zeta potential of the material is also consistent
with the results of some previous studies related to materials fabricated from modified Ver. In the
study of Turan Uysal, the zeta potential of unmodified Ver and hexylamine-modified vermiculite
(HEX-Ver) was measured across a pH range of 2 to 11.
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Fig. 5. XRD pattern of raw Ver before modification (a), XRD pattern of nano TiO2/Ver (b) and
nano Ti0O2/1-day modified Ver by HNO3 3M (c), H2SO4 3M (d) and HCI 3M (e).

The results demonstrated that both materials exhibited consistently negative zeta potentials
throughout the entire pH range, with values ranging from —8 to =34 mV for Ver and from —18 to —39
mV for HEX-Ver. These findings suggest that surface modification with hexylamine increased the
magnitude of the negative surface charge but did not substantially alter the overall charge
characteristics of vermiculite [29]. When TiO2 absorbs light in HNOj3 solution, the electrons generated
during the photocatalytic process can be oxidized by HNOs, preventing the recombination of
electrons and holes. This increases the efficiency of the photocatalytic process (corresponding to the
increased anatase peak intensity) compared to that in other acid solutions. Meanwhile, HCI can
generate Cl ions that affect the crystallization of TiO2 due to complexation with titanium precursors,
resulting in lower crystallinity or amorphous structure; H.SOa4 can lead to the formation of surface
sulfate groups, which can also affect the growth of anatase [30].

Additionally, a study on TiO2/SiO2 composites reported that unmodified TiO: exhibited zeta potential
values ranging from +8 to —48 mV across a pH range of 1.7-11, with an isoelectric point at pH 4.9.
This indicates that TiO2 can exhibit both positive and negative surface charges depending on the pH,
which is crucial for understanding its interaction with pollutants in photocatalytic applications [31].
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Table 2. Zeta value of TiO2/raw Ver and TiO2/modified Ver materials using HNO3 at different

concentrations.
Materials Zeta potential Zeta deviation Conductivity
(mV) (mV) (mS/cm)
TiO,/VER -29.5 8.44 0.0055
TiO,/VER HNO; 1M -24.1 45.6 0.00857
Ti0O,/VER HNO; 2M -25.2 49.8 0.0097
TiO,/VER HNO; 3M -34.8 8.28 0.00417

The negative zeta potential of TiO2/modified vermiculite composites suggests that these materials are
stable in suspension and less likely to aggregate, which is beneficial for photocatalytic processes. The
surface charge influences the adsorption of pollutants and the overall efficiency of the photocatalytic
degradation. Understanding the zeta potential is essential for optimizing the performance of these
composites in environmental remediation applications [32].

The effectiveness of NOR removal of nano TiOz/modified Ver materials

Testing the effectiveness of NOR removal using unmodified (raw) Ver materials, nano TiO2/modified
Ver HNOs 3M; nano TiO2/modified Ver H2SO4 3M and nano TiO2/modified Ver HCl 3M under
fluorescent light conditions is shown in Fig. 6. The carrier material is Vermiculite with a large specific
surface area, capable of absorbing NOR well, so it is necessary to investigate the change in
concentration over time under fluorescent lighting conditions and dark conditions. The results showed
that the TiO2 material covered on Ver modified with all 3 acids gives significantly higher removal
efficiency than unmodified Ver materials. In which, nano TiO2/modified Ver HNO3; 3M material
shows the superiority, for the highest efficiency reaching about 60 and over 90% after 7 and 20 hours,
respectively, about 2 times higher than that of nano TiO2/modified Ver materials in H2SO4 and HCI
3M. This study showed higher NOR removal efficiency but with longer time than the study of Senem
Yazici Guvenc et. al (2023) [33]. In their study, under optimal conditions—specifically, 1 mg/L initial
NOR, 4 mM sodium percarbonate (SPC), pH 3, and 50 minutes for the UV-SPC system; and 1 mg/L
initial norfloxacin, 1 mM sodium hypochlorite (SHC), pH 7, and 8 minutes for the UV-SHC system—
the removal efficiencies were 71.8 and 72.1% for UV-SPC and UV-SHC, respectively.
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Fig. 6. The NOR removal efficiency of nano TiO2/modified Ver materials versus treatment time.

The flow rate across the NOR column containing 2 g of the preparation material had a significant
effect on the efficiency of the process (Fig. 7). At a flow rate of 1 mL/min, the treatment efficiency
was stable at around 80-99% for up to 6 hours, then the efficiency decreased slightly to 75% at 9
hours. The developments for the remaining two flow rates (1.5 and 2 mL/min) showed a similar trend,
however the NOR removal efficiency of nano TiO2/modified Ver-H2SO4 3M was found higher than
that of nano TiO2/modified Ver-HCl 3M, reached 51 and 32% after 6 hours, respectively. This
performance is quite similar to that of TiO:/graphene oxide composites in the study of Liu et al.
(2020), in which the NOR removal capacity using Fe203/g—C3Na reached 86.7-94.7% under visible
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light and ultrasound [34]. Similarly, the NOR degradation capacity of Ln2O3/TiO2 heterostructure
under visible light reached 100% after 10 min with an influent Nor concentration of 20 mg/L [35].
However, these studies were conducted in batch reactors, while the present study used a continuous
flow system, which is more suitable for practical wastewater treatment. In addition, the NOR removal
efficiency decreased with material reuse as in the study of Li et al. (2024), the Nor removal efficiency
of Z-type heterojunction photo-catalyst Pg-C3N4 (PCN)/Nitrogen doped biochar (N-Biochar)/BiVO4
decreased from 92.5 to 75% after 4 reuses of the material [36].
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Fig. 7. The efficiency of NOR removal depends on the flow rate through the column using nano
TiO2/modified Ver-HNO3 3M.

The NOR removal efficiency obtained is as high as that of some other modified materials used. The
electro sorption performance of modified activated carbon fiber felt (MACFF) for NOR and the
factors influencing this process were systematically investigated. Activated carbon fiber felt (ACFF)
was modified using 20% nitric acid. Under optimal conditions (a voltage of 1.0 V, a solution pH of
6, and an electrode spacing of 10 mm) the maximum adsorption capacity of MACFF for NOR reached
128.55 mg/g [37]. An airlift-electrocoagulation (AL-EC) reactor was applied to remove NOR from
aqueous solutions. The optimal removal efficiency (reached 93.5%) was achieved using an iron anode
and aluminum cathode, with a current density of 2 mA/cm?, initial pH of 7, treatment duration of 32
minutes, and an air flow rate of 200 mL/min [38]. The efficiency achieved in our study was higher
than that of Adnan et. al. (2024). Under visible light conditions, using carbon-doped TiO: (C-TiOx)
fabricated via sol-gel method, which can remove 74-81% (initial concentration 100ppm after 2.5
hours) [39]. The mechanism of action of NOR removal in aqueous environment is given as follows:
modified vermiculite or clay acts as an adsorbent, concentrating NOR on its surface. Nano-TiO:
coating provides photocatalytic activity. This synergistic effect enhances NOR removal by Increasing
local concentration of NOR near photocatalyst sites, stabilizing TiO: particles and improving
dispersion and allowing continuous adsorption—degradation cycles [40].

Conclusion

Modified Ver material using HNO3, H2SO4 and HCI acids, has suitable properties as a carrier for
nano TiO2 coating. The most suitable soaking time was determined as 1 day. The results of material
characterization by SEM, XRD and Zeta potential analysis showed that the fabricated material has
adsorption and photocatalytic properties. The fabricated nano TiO2/modified Ver material using
HNO33M has a rough surface, uniform porosity and cracks, and better adhesion than other acids. The
XRD spectrum of nano TiO2/Ver modified using HNO3 3M also shows the strongest and clearest
anatase TiO2 peak compared to other samples. The Zeta potential of this modified material is the
lowest and negative, indicating the strongest reduction in the electrostatic interaction of TiO2
particles, leading to the most stable dispersion and more uniform surface. The removal efficiency of
NOR by nano TiO2/Ver material modified using HNO3 3M; H2SO4 3M and HCI 3M achieved 74, 60
and 45%, respectively, under fluorescent light with an initial NOR concentration of 20 ppm and a
material dosage of 2g/L after 6 hours, significantly increasing compared to unmodified Ver (only
20%). With a flow rate of ImL/min, the efficiency reached 99% after 6 hours. In the next study, the
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efficiency of NOR removal under sunlight will be investigated to evaluate the feasibility of practical
application and the influence of some environmental factors: pH, temperature, presence of ions or
other organic compounds on the efficiency of NOR treatment will be studied to optimum the process.

Acknowledgements

This study is funded by the Vietnam Academy of Science and Technology (VAST) for senior
researchers with code NVCC 31.02/24-25. The authors also would like to thank the support of State
project code DTDLCN.47/21.

References

[1] G. Hallenberg Strom, H. Bjorklund, A. C. Barnes, T. D. Chau, H. Y. N. Nguyen, T. L. Trinh,
U. Magnusson, A. N. Haldén, S. Boqvist. Antibiotic use by small-scale farmers for freshwater

aquaculture in the Upper Mekong Delta, Vietnam. Journal of Aquatic Animal Health. 2019.
https://doi.org/10.1002/aah.10084.

[2] T.D.H Vo, X. T. Bui, N. D. T. Cao, V. P. Luu, T. T. Nguyen, B. T. Dang, M. Q. Thai, D. D.
Nguyen, T. S. Nguyen, Q. T. Dinh, T. S. Dao. Investigation of antibiotics in health care
wastewater in Ho Chi Minh City, Vietnam. Environ Monit Assess. 188(12) (2016): 686. doi:
10.1007/s10661-016-5704-6.

[3] J. Bengtsson-Palme, D.G. Joakim Larsson. Concentrations of antibiotics predicted to select for
resistant bacteria: Proposed limits for environmental regulation, Environment International, 86
(2016), 140-149, https://doi.org/10.1016/j.envint.2015.10.015.

[4] H. A. Le, M. T. Lai, T. T. N. Ngo, T. P. T. Phan. Assessment of Quinolone antibiotic
contamination in surface water and Quinolone resistance phenotype of Escherichia coli in some
canals of Long An province. Journal of Science, Ho Chi Minh City University of Education,
19(11) (2022): 1789-1798. (In Vietnamese).

[5] K. Harada. Antibiotic residue in environmental water in Vietnam. The Pharmaceutical Society
of Japan: 138(3) (2018), 271-275.

[6] N. B. Vu, N. Dang, T. K. A. Nguyen, X. K. Le, P. K. Thai. Antibiotics in the aquatic
environment of Vietnam: Sources, concentrations, risk and control strategy. Chemosphere 197
(2018), 438-450.

[7] P. B. Nguyen, H. N. Pham, Q. T. Dinh, T. M. H. Nguyen. Occurrence and ecological risk
assessment of antibiotics in water of Saigon River. Vietnam Journal of Hydrometerology. 12
(2022), 57-66; doi:10.36335/VNJHM.2022(12).

[8] T. H. Nguyen. Cobalt-doped TiO2/SiO: - photocatalytic properties and application for treating
Cephalexin in aqueous environment. Journal of Analytical Chemistry, Physics and Biology;
25(1), (2020). 46-49 (In Vietnamese).

[9] T. T. H. Nguyen, T. T. H. Bui, T. V. A. Le, X. D. Nguyen and colleagues. Research on
simultaneous treatment of antibiotics ciprofloxacin and levofloxacin in water environment

using Bismuth oxidide-BiOI material. Journal of Environmental Resources Science — No. 41 (
2022), 14-21. (In Vietnamese).

[10] C. Huang, L. Chen, H. Li, Y. Muab and Z. Yang. Synthesis and application of Bi2WOs for the
photocatalytic degradation of two typical fluoroquinolones under visible light irradiation. The
Royal Society of Chemistry Advances, 9 (2019), 27768-27779.

[11] Z. Honarmandrad, X. Sun, Z. Wang, M. Naushad and G. Boczkaj. Activated persulfate and
peroxymonosulfate based advanced oxidation processes (AOPs) for antibiotics degradation - A
review, Water Resources and Industry. 29 (2023) 100194.
https://doi:10.1016/j.wri.2022.100194.


https://onlinelibrary.wiley.com/authored-by/Str%C3%B6m/Gunilla+Hallenberg
https://onlinelibrary.wiley.com/authored-by/Bj%C3%B6rklund/Hanna
https://onlinelibrary.wiley.com/authored-by/Barnes/Andrew+C.
https://onlinelibrary.wiley.com/authored-by/Da/Chau+Thi
https://onlinelibrary.wiley.com/authored-by/Nhi/Nguyen+Huu+Yen
https://onlinelibrary.wiley.com/authored-by/Lan/Trinh+Thi
https://onlinelibrary.wiley.com/authored-by/Magnusson/Ulf
https://onlinelibrary.wiley.com/authored-by/Norman+Hald%C3%A9n/Anna
https://onlinelibrary.wiley.com/authored-by/Boqvist/Sofia
https://doi.org/10.1002/aah.10084
https://pubmed.ncbi.nlm.nih.gov/?term=Vo+TD&cauthor_id=27878546
https://pubmed.ncbi.nlm.nih.gov/?term=Bui+XT&cauthor_id=27878546
https://pubmed.ncbi.nlm.nih.gov/?term=Cao+ND&cauthor_id=27878546
https://pubmed.ncbi.nlm.nih.gov/?term=Luu+VP&cauthor_id=27878546
https://pubmed.ncbi.nlm.nih.gov/?term=Nguyen+TT&cauthor_id=27878546
https://pubmed.ncbi.nlm.nih.gov/?term=Dang+BT&cauthor_id=27878546
https://pubmed.ncbi.nlm.nih.gov/?term=Thai+MQ&cauthor_id=27878546
https://pubmed.ncbi.nlm.nih.gov/?term=Nguyen+DD&cauthor_id=27878546
https://pubmed.ncbi.nlm.nih.gov/?term=Nguyen+DD&cauthor_id=27878546
https://pubmed.ncbi.nlm.nih.gov/?term=Nguyen+TS&cauthor_id=27878546
https://pubmed.ncbi.nlm.nih.gov/?term=Dinh+QT&cauthor_id=27878546
https://pubmed.ncbi.nlm.nih.gov/?term=Dao+TS&cauthor_id=27878546
http://dx.doi.org/10.1016/j.wri.2022.100194

Engineering Headway Vol. 40 13

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

B.E. Cowie, V. Porley, and N. Robertso. Solar disinfection (SODIS) provides a much
underexploited opportunity for researchers in photocatalytic water treatment (PWT), ACS
Catalysis. 10 (20) (2020), 11779-11782. https://doi.org/10.1021/acscatal.0c03325.

Y. Yang, Z. Zhong, J. Li, H. Du, Z. Li. Efficient with low-cost removal and adsorption
mechanisms of norfloxacin, ciprofloxacin and ofloxacin on thermally modified kaolin:
experimental and theoretical studies. Journal of Hazardous Materials. 430 (2022), 128500.
https://doi.org/10.1016/j.jhazmat.2022.128500.

A. M. Rashad. Vermiculite as a construction material — A short guide for Civil Engineer,
Construction and Building Materials, 125 (2016), 53-62, ISSN 0950-0618,
https://doi.org/10.1016/j.conbuildmat.2016.08.019.

L. Han, X. Yue, L. Wen, M. Zhang, S. Wang. A Novel Vermiculite/TiO2 Composite:
Synergistic Mechanism of Enhanced Photocatalysis towards Organic Pollutant Removal.
Molecules 28 (2023), 6398. https://doi.org/10.3390/molecules28176398.

D.T Thuong, H.T Tran, H.T Nguyen. Study on Treatment of Ciprofloxacin in Water with Co,
N Co-doped TiO:2 Photocatalysts on Vermiculite. VNU Journal of Science: Earth and
Environmental Sciences, [S.1.], 40 (1) (2024). ISSN 2588-1094. Available at:
https://doi.org/10.25073/2588-1094/vnuees.4993.

C. Tang, M. Hu, M. Fang, Y. Liu, X. Wu, W. Liu, M. Wang, Z. Huang. Photocatalytic Property
of TiO2-Vermiculite Composite Nanofibers via Electrospinning. Nanoscale Res Lett; 10(1) (
2015), 977. doi: 10.1186/s11671-015-0977-1.

R. J. Hunter. Foundations of Colloid Science (Vol. 1 & 2). Oxford University Press (2001).

J. Ravichandran, C. M. Lakshmanan, and B. Sivasankar. Acid activated montmorillonite and
vermiculite clays as dehydration and cracking catalysts. React. Kinet. Catal. Lett., 59(2),
(1996), 301-308.

M. V Tsodikov, Y. R. Katsobashvili, M. A. Perederii, and B. Z. Chistyakov. Pore structure of
vermiculite that has been activated by two-stage acid etching. Bull. Acad. Sci. USSR, Div.
Chem. Sci., 33(6) (1984), 1134-1138.

J. Wang, M. Gao, F. Ding, and T. Shen, “Organo-vermiculites modified by heating and gemini
pyridinium surfactants: Preparation, characterization and sulfamethoxazole adsorption,”
Colloids Surfaces A Physicochem. Eng. Asp., 546, (2018), 143—152.

L.C.R. Machado, C. B. Torchia, and R. M. Lago. Floating photocatalysts based on TiO2
supported on high surface area exfoliated vermiculite, Catalysis Communications. 7 (8), (2006).
538-541, ISSN 1566-7367, doi: https://doi.org/10.1016/j.catcom.2005.10.020.

L.T. Nguyen, H.T. Nguyen, T.D. Pham, T.D Tran., H.T. Chu, H.T. Dang. Visible Light Driven
Photocatalytic Degradation of Ciprofloxacin by N, S co - doped TiOz: The Effect of Operational
Parameters, Topics in Catalysis. 63 (2020) 985 - 995. https://doi:10.1007/s11244-020-01319-7.

W. Zhidong, J. Liu, and W. Shangguan. A review on photocatalysis in antibiotic wastewater:
Pollutant degradation and hydrogen production. Chinese Journal of Catalysis. 41,10 (2020)
1440 -1450.

U.S. EPA (2007). Method 1694: Pharmaceuticals and Personal Care Products in Water, Soil,
Sediment, and Biosolids by HPLC/MS/MS.

L. Jin, B. Dai. TiO2 activation using acid-treated vermiculite as a support: Characteristics and
photoreactivity, Applied Surface Science, 258(8), (2012), 3386-3392, ISSN 0169-4332,
https://doi.org/10.1016/j.apsusc.2011.11.017.

D. E. Herrera & E. Aylon. Structural and physicochemical changes in vermiculite after acid
activation: influence of reaction time. Applied Clay Science, 179, (2019), 105137.
https://doi.org/10.1016/j.clay.2019.105137.


https://doi.org/10.1021/acscatal.0c03325
https://doi.org/10.1016/j.jhazmat.2022.128500
https://doi.org/10.1016/j.conbuildmat.2016.08.019
https://doi.org/10.3390/molecules28176398
https://doi.org/10.25073/2588-1094/vnuees.4993
https://link.springer.com/journal/11244
https://link.springer.com/article/10.1007/s11244-020-01319-7
https://doi.org/10.1016/j.clay.2019.105137

14

The 15th International Forum on Green Technology and Management (IFGTM)

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

J.A. Barbosa, M.S. Abdelsadig, B.R. Conway, H.A. Merchant. Using zeta potential to study
the ionisation behaviour of polymers employed in modified-release dosage forms and
estimating their pKa. International Journal of Pharmaceutics.1: 100024.(2019)
doi:10.1016/].ijpx.2019.100024.

Z. Ahmed, P. Wu, Y. Xu, H. A. Keerio, J. Wu, Q. Ye, W. Niu, M. Chen and Z. Dang. Enhanced
single and simultaneous As(II) adsorption in Pearl river delta water by hexylamine
functionalized vermiculite. Water 13(17), (2021), 2412; https://doi.org/10.3390/w13172412.

A. Fuyjishima, X. Zhang, D.A. Tryk. TiO: photocatalysis and related surface phenomena.
Surface  Science  Reports, 63(12), (2008). 515-582.  https://doi.org/10.1016/
j.surfrep.2008.10.001.

M. Nowacka, D. Ambrozewicz, T. Jesionowski. TiO2-SiO2/Ph-POSS Functional Hybrids:
Preparation and Characterization. https://doi.org/10.1155/2013/680821.

L. Han, X. Yue, L. Wen, M. Zhang, S. Wang. A novel Vermiculite/ TiO2 composite: Synergistic
mechanism of enhanced photocatalysis towards organic pollutant. Molecules 28(17) (2023),
6398; https://doi.org/10.3390/molecules28176398.

S. Yazici Guvenc; O. Kaan Turk; E. Can-Giiven; N. Garazade; G. Varank Norfloxacin
removal by ultraviolet-activated sodium percarbonate and sodium hypochlorite: process
optimization and anion effect. Water Sci Technol 87 (11) (2023), 2872-2889.
https://doi.org/10.2166/wst.2023.159.

G. Lu, W. Li, Z. Li, G. Gu, Q. Han, J. Liang, Z. Chen. Enhanced Degradation of Norfloxacin
Under Visible Light by S-Scheme Fe203/g—C3N4 Heterojunctions. Molecules. 29, (2024),
5212. https://doi.org/10.3390/molecules29215212.

H. Yu, F. Chen, L. Ye, H. Zhou, T. Zhao. Enhanced photocatalytic degradation of norfloxacin
under visible light by immobilized and modified In203/Ti02 photocatalyst facilely synthesized
by a novel polymeric precursor method. Journal of Materials Science 54(14) (2029). doi:
10.1007/s10853-019-03636-z.

Y. Li, W. Wang, L. Chen, H. Ma, X. Lu, H. Ma, Z. Liu. Visible-Light-Driven Z-Type Pg-
CsNa/Nitrogen Doped Biochar/BiVO4 Photo-Catalysts for the Degradation of Norfloxacin.
Materials. 17(7) (2024),1634. https://doi.org/10.3390/mal17071634.

X.Li, Y. Hu, D. She, W.-B. Shen. Modified Activated Carbon Fiber Felt for the Electrosorption
of Norfloxacin in Aqueous Solution Sustainability 12(10), (2020), 3986;
https://doi.org/10.3390/su12103986.

X. Gu, J. Li, X. Feng, W. Qu, W. Wang and J. Wang. Efficient removal of norfloxacin from
water using batch airlift-electrocoagulation reactor: optimization and mechanisms analysis.
RSC Advances. Issue 13 (2023).

Adnan, Kalsoom, F.M. Zada, Sarwat, H Soonmin, B. Khan, M. Alamzeb, W. Sun, J. Ikram,
N.U. Rehman. Visible light induced photocatalytic degradation of norfloxacin using xC-TiOx.
Heliyon. 11(1) (2024):e41320. doi: 10.1016/j.heliyon.2024.e41320.

X. Jin, X. Zhou, P. Sun, S. Lin, W. Cao, Z. Li, W. Liu. Photocatalytic degradation of norfloxacin
using N-doped TiO2: Optimization, mechanism, identification of intermediates and toxicity
evaluation. Chemosphere. 237: 124433 (2019). doi: 10.1016/j. chemosphere.2019.124433.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6733289
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6733289
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6733289
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.ijpx.2019.100024
https://doi.org/10.3390/w13172412
https://doi.org/10.1016/j.surfrep.2008.10.001
https://doi.org/10.1016/j.surfrep.2008.10.001
https://onlinelibrary.wiley.com/authored-by/Nowacka/Magdalena
https://onlinelibrary.wiley.com/authored-by/Ambro%C5%BCewicz/Damian
https://onlinelibrary.wiley.com/authored-by/Jesionowski/Teofil
https://doi.org/10.1155/2013/680821
https://doi.org/10.3390/molecules28176398
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://doi.org/10.2166/wst.2023.159
https://doi.org/10.3390/molecules29215212
https://www.researchgate.net/scientific-contributions/Han-Yu-2163715569?_sg%5B0%5D=H9D-ctXwwlcH_kE310gA34XC6BTCfYx1sC-krTLvjBDMdrsZaa70Bk35c_S2-FX5sXA5Ekk.3IMf7cfsmOJJPNzA_-qri0-zG9GbnNClCbXsRYOGZ4mSGlDvlwhoo_SINPG1GiIIWwWUTUotFDEPb06JE7VP0w&_sg%5B1%5D=NUDYdS_Gc60Sht3alJo4TLi8o0aTleVW3XsoZk5Z88CGOcxiPSFkFa6Lbk-ZmbeDywxbwIo.hl7DmlruO6_tiOefLh823mAvOYtzDyLSw0nUFWc3vTe0xsqm7c59OmP_2U4uIZQfmcwTp_N_cFXUsJxMrGJCzw
https://www.researchgate.net/profile/Fenghua-Chen-4?_sg%5B0%5D=H9D-ctXwwlcH_kE310gA34XC6BTCfYx1sC-krTLvjBDMdrsZaa70Bk35c_S2-FX5sXA5Ekk.3IMf7cfsmOJJPNzA_-qri0-zG9GbnNClCbXsRYOGZ4mSGlDvlwhoo_SINPG1GiIIWwWUTUotFDEPb06JE7VP0w&_sg%5B1%5D=NUDYdS_Gc60Sht3alJo4TLi8o0aTleVW3XsoZk5Z88CGOcxiPSFkFa6Lbk-ZmbeDywxbwIo.hl7DmlruO6_tiOefLh823mAvOYtzDyLSw0nUFWc3vTe0xsqm7c59OmP_2U4uIZQfmcwTp_N_cFXUsJxMrGJCzw
https://www.researchgate.net/scientific-contributions/Li-Ye-71675852?_sg%5B0%5D=H9D-ctXwwlcH_kE310gA34XC6BTCfYx1sC-krTLvjBDMdrsZaa70Bk35c_S2-FX5sXA5Ekk.3IMf7cfsmOJJPNzA_-qri0-zG9GbnNClCbXsRYOGZ4mSGlDvlwhoo_SINPG1GiIIWwWUTUotFDEPb06JE7VP0w&_sg%5B1%5D=NUDYdS_Gc60Sht3alJo4TLi8o0aTleVW3XsoZk5Z88CGOcxiPSFkFa6Lbk-ZmbeDywxbwIo.hl7DmlruO6_tiOefLh823mAvOYtzDyLSw0nUFWc3vTe0xsqm7c59OmP_2U4uIZQfmcwTp_N_cFXUsJxMrGJCzw
https://www.researchgate.net/profile/Tong-Zhao-9?_sg%5B0%5D=H9D-ctXwwlcH_kE310gA34XC6BTCfYx1sC-krTLvjBDMdrsZaa70Bk35c_S2-FX5sXA5Ekk.3IMf7cfsmOJJPNzA_-qri0-zG9GbnNClCbXsRYOGZ4mSGlDvlwhoo_SINPG1GiIIWwWUTUotFDEPb06JE7VP0w&_sg%5B1%5D=NUDYdS_Gc60Sht3alJo4TLi8o0aTleVW3XsoZk5Z88CGOcxiPSFkFa6Lbk-ZmbeDywxbwIo.hl7DmlruO6_tiOefLh823mAvOYtzDyLSw0nUFWc3vTe0xsqm7c59OmP_2U4uIZQfmcwTp_N_cFXUsJxMrGJCzw&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/Journal-of-Materials-Science-1573-4803?_sg=FSiIs_ztaL6gvBlRjbw4Muma0Agb1JTzn_S8Fla1NfNcjpI9ZOjXUuI3T7ugrWfkwDSSJJBmkXQQk6JbHNVz91aW-J45sw.IPe3yi1h444jSVxXNTa35xhaCw0k2TLdp4bCJI08hYzHXR2u0TiV9QY-ZiLw8rDV3cXyyhCt1sLpMS0gpjI7mA&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://link.springer.com/article/10.1007%2Fs10853-019-03636-z
https://doi.org/10.3390/su12103986
https://pubs.rsc.org/en/results?searchtext=Author%3AXuege%20Gu
https://pubs.rsc.org/en/results?searchtext=Author%3AJunfeng%20Li
https://pubs.rsc.org/en/results?searchtext=Author%3AXueting%20Feng
https://pubs.rsc.org/en/results?searchtext=Author%3AWenying%20Qu
https://pubs.rsc.org/en/results?searchtext=Author%3AWenhuai%20Wang
https://pubs.rsc.org/en/results?searchtext=Author%3AJiankang%20Wang
https://pubs.rsc.org/en/journals/journal/ra?issueid=ra013013&type=current
https://pubmed.ncbi.nlm.nih.gov/?term=%22Khan%20B%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Alamzeb%20M%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Sun%20W%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Ikram%20J%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Rehman%20NU%22%5BAuthor%5D
https://doi.org/10.1016/j.heliyon.2024.e41320

	The NOR removal efficiency obtained is as high as that of some other modified materials used. The electro sorption performance of modified activated carbon fiber felt (MACFF) for NOR and the factors influencing this process were systematically investi...

