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ABSTRACT 

Nowadays, antibiotics have emerged as new kinds of organic micropollutants 
found in conventional sewage wastewater treatment plants, indicating the failure of 
coagulation-flocculation in treating antibiotics-containing wastewater. It might lead to 
the disperse of antibiotic resistance, which has a massive impact on human health and 
economic consequences globally. In recent years, nanoscale zero-valent iron (NI) has 
shown promising results for wastewater remediation to remove various contaminants. 
Thus, natural zeolite-supported nanoscale zero-valent iron (NI-NZ) has been proposed 
as a novel alternative to remove tetracycline (TC) and oxytetracycline (OTC). 
Synthesised NI-NZ was characterised using nitrogen adsorption-desorption, scanning 
electron microscopy, energy dispersive spectroscopy, X-ray photoelectron 
spectroscopy, and X-ray diffraction. The performance of the TC and OTC removal 
using NI-NZ in batch adsorption was assessed. The preliminary removal performance 
of natural zeolite (NZ), NI, and NI-NZ was compared, and it was observed that NI-NZ 
had a better performance in removing TC (333.33 µmol g−1) compared to OTC (285.71 
µmol g−1). Thus, NI-NZ was chosen as the adsorbent and TC as the target antibiotic 
for further tests involving other parameters. The effect of vital parameters comprising 
initial pH, adsorbents dosage, temperature, initial antibiotic concentration, and contact 
time was studied. The optimum condition was at pH 3, 30 ◦C, and 1 g L−1 NI-NZ with 
approximately 97% of TC removed. Besides, the adsorption of TC has been proven to 
follow Langmuir and Temkin isotherm models. Kinetically, the process was best 
suited in the pseudo-second-order (PSO) and Elovich kinetic model. Furthermore, the 
thermodynamic study indicated that the reaction at room temperature was exothermic 
and spontaneous. The usability of NI-NZ in the continuous flow process has also been 
evaluated by using a fixed-bed column. The column experiments demonstrated that 
the breakthrough time increased with decreased initial TC concentration and flow rate 
and increased bed height. The cumulative kinetic data were in good agreement with 
the PSO and Elovich kinetic models. The Thomas and Yoon-Nelson models exhibited 
the closest predicted dynamic profile with the experimental results for all test 
conditions regarding the breakthrough curve. The applicability of NI-NZ in the 
adsorption coagulation-flocculation (ACF) process was evaluated using a jar test to 
remove TC from simulated wastewater. The outcome was encouraging because NI-
NZ in ACF enhanced TC elimination from 10% to 75% at pH 3 with 0.4 g L−1 NI-NZ. 
The Langmuir isotherm model and PSO kinetic model were the most suitable model 
to represent the adsorption of TC via ACF. In conclusion, NI-NZ was successfully 
synthesised in this study. It has a high prospect of becoming one of the most effective 
solutions to remediate antibiotics-polluted wastewater because of its high applicability 
in batch adsorption, continuous adsorption, and ACF processes.  



vii 

ABSTRAK 

Pada masa kini, antibiotik telah muncul sebagai bahan pencemar mikro organik 
yang dikesan di loji rawatan kumbahan konvensional atas kegagalan proses 
pengentalan dan penggumpalan dalam rawatan air kumbahan yang mengandungi 
antibiotik. Isu ini menyebabkan merebaknya rintangan antimikrob yang mempunyai 
kesan negatif terhadap kesihatan dan ekonomi di seluruh dunia. Beberapa tahun 
kebelakangan ini, besi bervalensi sifar pada skala nano (NI) telah menunjukkan 
keputusan yang meyakinkan untuk merawat pelbagai jenis bahan pencemar yang 
didapati dalam air kumbahan. Oleh itu, penyelidikan ini bertujuan untuk mengkaji 
keberkesanan gandingan besi bervalensi sifar pada skala nano dengan zeolit 
semulajadi (NI-NZ) dalam menyingkirkan tetrasiklin (TC) dan oksitetrasiklin (OTC). 
NI-NZ yang disistesis dicirikan dengan menggunakan penjerapan-nyaherapan 
nitrogen, mikroskop elektron imbasan, spektroskopi fotoelektron sinar-X, pembelauan 
sinar-X dan spektroskopi serakan tenaga. Penilaian awal dijalankan dengan 
membandingkan prestasi penyingkiran TC dan OTC secara kelompok melalui zeolit 
semulajadi (NZ), NI dan NI-NZ. Keputusan menunjukkan bahawa NI-NZ mempunyai 
prestasi lebih baik dalam menyingkir TC (333.33 µmol g−1) berbanding dengan OTC 
(285.71 µmol g−1). Oleh itu, NI-NZ dipilih sebagai penjerap dan TC sebagai sasaran 
antibiotik untuk ujian selanjutnya yang melibatkan parameter lain. Kesan parameter 
penting seperti pH awal larutan, dos penjerap, suhu, kepekatan awal antibiotik dan 
masa sentuh telah dikaji. Prestasi optimum berlaku dengan hampir 97% TC telah 
disingkirkan pada pH 3 dan 30 ◦C dengan menggunakan 1 g L−1 NI-NZ. Di samping 
itu, ia telah terbukti bahawa penjerapan TC mengikuti model isoterma Langmuir dan 
Temkin. Secara kinetik, proses ini paling sesuai dengan model kinetik pseudo tertib 
kedua (PSO) dan Elovich. Tambahan pula, analisis termodinamik menunjukkan 
bahawa proses ini adalah eksotermik dan spontan pada suhu bilik. Penggunaan NI-NZ 
dalam proses penjerapan berterusan juga telah dinilai dengan menggunakan turus 
lapisan tetap. Kajian turus menunjukkan bahawa masa bulus meningkat apabila 
kepekatan awal influen dan kadar aliran TC menurun dan apabila ketinggian lapisan 
meningkat. Data bertokok kinetik didapati diwakili oleh model kinetik PSO dan 
Elovich. Bagi lengkung bulus, model Thomas dan Yoon-Nelson menawarkan profil 
dinamik terdekat dengan hasil ujikaji untuk semua keadaan ujikaji. Proses hibrid 
penjerapan, pengentalan dan penggumpalan (ACF) telah dijalankan melalui ujian 
balang untuk menyingkir antibiotik dari air kumbahan simulasi. Dengan bantuan NI-
NZ, proses ACF telah meningkatkan penyingkiran TC dari 10% hingga 75% pada pH 
3 dengan menggunakan 0.4 g L−1 NI-NZ. Model isoterma dan model kinetik yang 
paling sesuai untuk mewakili penyingkiran TC melalui ACF adalah model Langmuir 
dan PSO. Kesimpulannya, NI-NZ mempunyai prospek yang tinggi untuk menjadi 
salah satu jalan penyelesaian yang berkesan untuk menyingkirkan antibiotik daripada 
air kumbahan kerana kebolehgunaannya yang tinggi dalam proses penjerapan 
kelompok, penjerapan berterusan dan ACF. 
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CHAPTER 1 

INTRODUCTION 

1.1 Research Background 

Antibiotics are pharmacological products used to stop or slow the growth of 

microorganisms in animals and humans. Antibiotic consumption increased by 65% 

globally between 2000 and 2015, owing to high demand in the cattle industry and 

medical applications (Klein et al., 2018). In 2010, India was the largest consumer of 

antibiotics, followed by China and the United States (Van Boeckel et al., 2014). 

Antibiotics use per capita in high-income countries like the United States, Hong Kong, 

South Korea, and Singapore was high, but it has plateaued. On the other hand, 

developing countries, such as Brazil, China, West Africa, and Saudi Arabia have seen 

a sharp increase in antibiotic consumption per capita (Sriram et al., 2021). 

Even though antibiotics were one of the greatest medical inventions since the 

1940s, little or no awareness of the footprint of antibiotics was established. It has been 

speculated that various kinds of antibiotics had managed to exist silently in the 

environment for the last 30 years. Only recently, the existence of antibiotics has been 

accurately determined thanks to advanced analytical technologies. For instance, 

various classes of antibiotics were detected in the water matrices of different countries, 

including Southern France (Feitosa-Felizzola and Chiron, 2009), Turkey (Onmaz et 

al., 2015), Belgium (Vergeynst et al., 2015), and Sweden (Grabic et al., 2012). The 

leading cause of antibiotics in wastewater, livestock farms, and hospital discharge 

streams is that a large amount of antibiotics consumed is excreted unchanged via 

faeces and urine (Du and Liu, 2012). 

Nevertheless, antibiotics in water and soil did not receive as much attention as 

common pollutants such as heavy metals, dyes, and pesticides in recent decades. It 

could be comprehended as the effect of persistence of antibiotics in the environment 
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is not evident in the short term. Unfortunately, in the long run, the discharge of 

antibiotics in nature matrices directly results in the spread of dangerous bacteria 

resistant to antibiotics. For instance, the prolonged exposure to antibiotics caused 

Escherichia coli bacteria (E. coli) to produce extended-spectrum β-lactamase enzyme, 

which is resistant to various antibiotics (Alonso et al., 2016). It will cause the failure 

of certain antibiotics to treat diseases that could be treated effectively in the past. For 

example, more than 19000 deaths per year caused by methicillin-resistant 

Staphylococcus aureus had been reported in the United States (Jean and Hsueh, 2011). 

Moreover, several illnesses and even deaths related to antibiotic-resistant 

bacteria were revealed in Malaysia (Yuen, 2018). This information shows that the 

spread of antibiotic-resistant was not contained in a specifically developed region but 

has already emerged as a global issue. Besides, the prolonged occurrence of antibiotics 

in water matrices could damage the microbial community (Paumelle et al., 2021). 

Upon realising the seriousness of the problem, five types of antibiotics were included 

in the surface watch list in 2018 (European Commission, 2018). The regulation was 

established as long-term exposure to antibiotics might cause humans to be infected by 

reluctant diseases due to the spread of antibiotic-resistant bacteria. Although there is 

no current regulation to limit the amount of antibiotics in environmental matrices, the 

discharge of antibiotics from sewage wastewater plants should be monitored to achieve 

ecological sustainability and eliminate public health threats. 

It was reported that various types of antibiotics were detected worldwide, 

mainly at the effluent of wastewater treatment plants (Gao et al., 2012a; Yang et al., 

2014; Behera et al., 2011; Sari et al., 2014). This solid fact has firmly revealed the 

incapability of conventional wastewater treatment plants (WWTP) in removing 

antibiotics. Generally, conventional WWTPs consist of coagulation-flocculation in 

primary treatment and biological removal in secondary treatment. However, it was 

reported that both treatment methods were not effective in removing antibiotics 

(Stackelberg et al., 2007; Göbel et al., 2007). Coagulation-flocculation is designed to 

remove turbidity and micropollutants with a log Kow value > 5 (extremely 

hydrophobic) (Snyder et al., 2003). Generally, the log Kow values of antibiotics range 

from −2.92 to 3.8, justifying the ineffectiveness of coagulation-flocculation in 
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removing antibiotics (Chen et al., 2015). On the other hand, microorganisms used in 

secondary treatment might be affected by the toxicity of pollutants (Britto and Rangel, 

2008). 

A wide range of technologies has been studied to improve the removal of 

antibiotics in conventional WWTPs, which includes reverse osmosis (Alonso et al., 

2018), nanofiltration (Wang et al., 2015), chlorination (Li et al., 2014), ozonation (Lu 

et al., 2020), ultraviolet disinfection (Ge et al., 2015), and adsorption (Cheng et al., 

2021). The increased use of reverse osmosis and nanofiltration has been reported, but 

the membranes were prone to fouling and malfunction when they were in contact with 

oxidising agents (Homem and Santos, 2011). Chlorination was an alternative 

technique to treat antibiotics-containing wastewater. Still, there was a significant 

concern that the chlorinated by-products that might be formed were more dangerous 

than the antibiotics precursor (Li et al., 2014). 

Similarly, ozonation did not seem practical due to difficulty in pH control and 

the high possibility of forming biologically active chemical components (Homem and 

Santos, 2011). On the other hand, ultraviolet disinfection was less effective in 

antibiotic removal and required more energy than ozonation (Michael et al., 2013). In 

contrast, adsorption was preferable in removing organic pollutants from the water as 

it did not generate harmful side products (Ali, 2013). It was reported that more than 

90% of antibiotics could be removed by using activated carbon (Ahmed and Theydan, 

2014). Despite the excellent performance of activated carbon, it is costly and 

challenging to regenerate (Larasati et al., 2020). 

Unlike activated carbon, natural zeolites exist abundantly in nature and are 

low-cost materials (Eroglu et al., 2017). Zeolites are crystalline microporous 

aluminosilicates minerals that could be obtained naturally or synthetically. There are 

about 60 types of natural zeolites originating from the reaction between volcanic rocks 

and ash layers in the presence of alkaline water. It has been widely used as an adsorbent 

in the purification process due to its’ high cation exchange capability. Natural zeolites 

have been proven effective in removing ammonium (Widiastuti et al., 2011), heavy 

metals (Elboughdiri, 2020), and cationic dye (Korkmaz et al., 2013). In contrast, the 



 

4 

performance in the removal of antibiotics was not as good. However, natural zeolites 

could be easily modified to fit the removal needs. 

In the last twenty years, nanoscale zero-valent iron (NI) emerged as a versatile 

alternative for treating soil and water as it has the advantages of large specific surface 

area and high reactivity (Johnson et al., 2013). Also, it could be operated easily and 

was comparatively low in cost. Fruitful researches on the removal of several types of 

pollutants such as chlorinated contaminants (Su et al., 2012), heavy metals (Li et al., 

2017a), nitrates (Hwang et al., 2011a), and other inorganic compounds (Eljamal et al., 

2016) via NI had been conducted. It also had demonstrated good prospects for 

removing antibiotics (Xia et al., 2014; Ahmed et al., 2017). 

Nevertheless, NI particles possess high surface energy and intrinsic magnetic 

interaction, which cause these nanomaterials to agglomerate into larger particles (Yan 

et al., 2010). Therefore, it might reduce the stability and reactivity of NI. In order to 

solve the limitation, NI had been modified with various types of materials, including 

starch (Fu et al., 2015), pumice (Guler, 2017), carbon spheres (Wang et al., 2016c), 

and bentonite (Weng et al., 2014). From that, varied performance on the removal of 

antibiotics had been observed. Nevertheless, alternative supporting material for NI 

could still be explored. Moreover, the research on the application and mechanism of 

modified NI on removing antibiotics is still rare. 

1.2 Problem Statement 

Fruitful research and development of antibiotics in reducing mortality rates of 

various diseases has resulted in large antibiotics consumption globally, especially in 

low-middle-income countries. For instance, there was about 50% increase in antibiotic 

consumption in Malaysia from 2001 to 2015 (CDC, 2018). Consumed antibiotics were 

partially metabolised and discharged via urine or faeces to the wastewater. However, 

conventional wastewater treatments were ineffective in degrading or removing 

antibiotics from wastewater (Rossmann et al., 2014). In fact, most of the concentration 

of various antibiotics detected in the discharge of global WWTP exceeded the 
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predicted-no-effect concentration (PNEC). One of the most frequently detected 

antibiotic classes in Asia was tetracycline which has concentration as high as 1536 g 

L−1 (Tran et al., 2018). 

Escaped antibiotics from the effluent of a conventional WWTP might reach 

surface water, groundwater, and even drinking water. The main problem caused by the 

discharge of antibiotics in the environment is the cultivation of resistant bacteria, 

which was recognised as one of the top ten threats to global health in 2019 (WHO, 

2019b). It was estimated that the global death due to antibiotic resistance has already 

reached 700000 per year (WHO, 2019a). Leaving unattended, by 2050, the health and 

economic impacts were estimated to be 10 million annual human fatalities and a loss 

of 100 trillion USD (Regea, 2018). In order to resolve this severe issue, the discharge 

of antibiotics to the environment should be reduced by implementing effective 

wastewater treatment technologies. 

The removal of antibiotics via adsorption has been evaluated and has gained 

some extent of success (Chao et al., 2014). A study has proven that at least 90% of 

norfloxacin and ciprofloxacin were removed from the wastewater stream via activated 

carbon in an adsorption system (Ahmed and Theydan, 2014). However, activated 

carbon is costly, and it is challenging to regenerate as spent activated carbon needs to 

be transported to a specialised facility to perform the regeneration process (Larasati et 

al., 2020). Thus, the search for more versatile adsorbents continues to be a challenge. 

On the other hand, a more cost-effective adsorbent such as natural zeolite (NZ) could 

be used as an adsorbent to remove pharmaceutical products such as antibiotics (Eroglu 

et al., 2017). Furthermore, modifications of NZ have been done to achieve a better 

adsorption performance (Guo et al., 2013). 

Adsorbents have been commonly used in batch and continuous systems. 

However, it is challenging to filter spent adsorbent in a batch system and regenerate it 

in a continuous system. In order to overcome the challenge, a hybrid of adsorption and 

coagulation-flocculation process (ACF) has been introduced as a novel method in 

wastewater treatment. Adsorption and coagulation-flocculation processes occur at the 

same time after adsorbent and coagulant are simultaneously introduced in a mixing 
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tank that contains wastewater. Besides improving the removal of contaminants and 

turbidity, spent adsorbent can be recovered for disposal (Kumari and Gupta, 2020). 

Thus, ACF is attractive in cost as a specific process unit is not required because 

exhausted adsorbents will be suspended at the bottom of the sediment tank via gravity 

due to coagulation-flocculation. Some researchers have successfully discovered the 

effectiveness of hybrid adsorption-coagulation in removing natural organic matter 

(Kang et al., 2017), heavy metal (Wu et al., 2013), and endocrine-disrupting chemicals 

(Joseph et al., 2013). 

Nevertheless, adsorbed contaminants require degradation to avoid secondary 

pollution. Recently, nanoscale zero-valent iron (NI) has been proven to degrade 

various organic and inorganic pollutants, including antibiotics (Xia et al., 2014; Fang 

et al., 2011). However, NI has a strong tendency to agglomerate, affecting its reactivity 

and stability. To overcome agglomeration, researchers have tried to immobilise NI on 

various materials such as alumina (Yesiller et al., 2013), chitosan (Horzum et al., 

2013), and natural zeolite (Nairat et al., 2015) for the removal of rare earth elements, 

inorganic arsenic, and dye, respectively. 

Natural zeolite is an abundant and inexpensive adsorbent, and therefore, it is 

highly intriguing to utilise it as a supporting material for NI to prevent agglomeration. 

The main focus of the present study is to develop a novel natural zeolite-supported 

nanoscale zero-valent iron (NI-NZ) and examine the versatility of the adsorbent in 

removing antibiotics using batch adsorption, continuous adsorption, and adsorptive 

coagulation-flocculation (ACF) processes. The use of NI-NZ for antibiotic elimination 

via batch, continuous adsorption, and ACF has not been documented to date. Although 

coagulation-flocculation is ineffective in removing antibiotics, the combined process 

achieved the synergistic effect by reducing the turbidity in antibiotic-containing 

wastewater, settling down the exhausted adsorbent, and, most importantly, removing 

and degrading antibiotics. 
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1.3 Research Objectives 

According to the issues mentioned earlier, this study sets out with the following 

objectives: 

1. To synthesise and characterise natural zeolite supported nanoscale zero-valent

iron (NI-NZ).

2. To analyse the antibiotic removal via batch and continuous adsorption.

3. To evaluate the antibiotic removal performance via adsorptive coagulation-

flocculation (ACF).

1.4 Research Scopes 

The scopes of research have been identified and are mentioned below: 

For Objective 1: 

NZ, synthesised NI, and NI-NZ were characterised to study several essential 

features of these materials. First, physical properties such as the specific surface area, 

pore diameter, and porosity of the adsorbents were determined using the nitrogen-

adsorption-desorption (NAD) method. Second, the morphology of the adsorbents was 

studied via scanning electron microscopy (SEM). Third, the adsorbents’ mineralogy 

and element composition were analysed using X-ray diffraction (XRD) and energy 

dispersive spectroscopy (EDS). Finally, the X-ray photoelectron spectroscopy (XPS) 

method was used to study the type of iron species found on NI-NZ before and after 

treating the antibiotic solution. 



8 

For Objective 2: 

Tetracycline, which is one of the most common and persistent antibiotics, was 

selected as the target antibiotic in this project. For batch adsorption study, important 

adsorption parameters such as pH (3-9) and dosage (0.2-1.8) g L−1 were individually 

studied. In addition, the temperature was varied (30, 50, 70) °C to compute the standard 

Gibbs free energy change, standard enthalpy change, and standard entropy change to 

evaluate the thermodynamic of the adsorption. Furthermore, the antibiotic adsorption 

isotherm and kinetics were evaluated. Adsorption isotherm data were fitted into 

fundamental isotherm models: Freundlich, Langmuir, Dubinin-Radushkevich, and 

Temkin models to determine the nature of adsorption and estimate the maximum 

adsorption capacity. Existing adsorption kinetic models, including pseudo-first-order 

(PFO), pseudo-second-order (PSO), Elovich, and intra-particle models, were used to 

fit kinetic data for adsorption kinetic study. 

A single fixed-bed adsorption column was used for continuous adsorption of 

antibiotics. The performance of adsorption was evaluated according to the concept of 

the breakthrough curve, where vital variables for continuous adsorption, including 

flow rate (3, 5, 7) mL min−1, bed height (0.4, 0.5, 0.6) cm, and initial concentration of 

antibiotics (10, 20, 40) µM were varied. Similarly, kinetic data were fitted into existing 

adsorption kinetic models, consisting of PFO, PSO, Elovich, and intra-particle models. 

Besides, continuous adsorption models, namely Bohart-Adam, Thomas, Yoon-Nelson, 

and Clark models, were used to evaluate the performance of NI-NZ adsorbent in a 

fixed-bed adsorption column. 

For Objective 3: 

The combined process of adsorption with coagulation-flocculation was applied 

to remove antibiotics from simulated wastewater via NI-NZ as an adsorbent. 

Performance determining factors such as pH (3-11), NI-NZ dosage (0.02-0.16) g L−1, 

initial antibiotic concentration (5-700) µM, and mixing time (5-90) min was varied to 

study these parameters’ effect on the antibiotic and turbidity removal. The mechanism 

of ACF was proposed using Langmuir, Freundlich, Dubinin-Radushkevich, and 
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Temkin isotherm models. Moreover, PFO, PSO, Elovich, and Weber-Morris intra-

particle models were used to study ACF’s kinetics. 

1.5 Significance of Study 

Antibiotic resistance is a very severe global issue caused by the accumulation 

of discharged antibiotics from conventional WWTPs. Effective and economical-viable 

solutions to improve current treatment technology in remediating antibiotics-

containing wastewater is still being sought. This research explored the possibility of 

applying the novel NI-NZ in batch, continuous adsorption, and adsorptive coagulation-

flocculation to remove and degrade antibiotics in the wastewater, preventing the spread 

of antibiotic-resistant bacteria. The findings of this study will provide insight into the 

removal mechanism and benefit the national and international wastewater treatment 

plants, eventually, the health of global citizens. 

1.6 Thesis Outline 

This thesis comprises five chapters. Research background, problem statement, 

objectives, scopes of study, research proposal outline, and summary can be found in 

Chapter 1. Chapter 2 includes the literature review in recent years such as antibiotics 

removal technologies, application of NI and supported NI in wastewater treatment, 

removal of antibiotics via adsorptive coagulation-flocculation. The last part of the 

chapter clarifies the research gap that could be filled in this study. Research 

methodology, including the preparation and synthesis of adsorbents, batch adsorption, 

continuous adsorption, and adsorptive coagulation-flocculation experiments 

procedures, were stated in Chapter 3. Besides, the procedures of characterisation of 

NI, NZ, and NI-NZ are explained in this chapter. Chapter 4 displays the experimental 

results of characterisation, batch adsorption, fixed-bed adsorption, and adsorptive 

coagulation-flocculation. The effect of various essential variables on the removal of 

antibiotics is discussed and evaluated. Last but not least, Chapter 5 concludes the 
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findings of this research, and possible recommendations for future works are suggested 

at the end of the chapter. 

1.7 Summary 

The prolonged existence of antibiotics in water matrices and the environment 

has raised concerns that the balance of aquatic biodiversity and human health will be 

unwittingly affected. Typical WWTPs could not remediate emerging pollutants such 

as antibiotics. Therefore, adsorptive coagulation-flocculation (ACF) was proposed as 

a novel wastewater treatment technology to solve this global issue of the decade. The 

adsorbent for ACF was synthesised by impregnating nanoscale zero-valent iron (NI) 

on natural zeolite (NZ) due to the excellent reducing characteristic of NI and stability 

of NZ to be used as support to prevent the agglomeration of NI. The adsorption 

isotherm and kinetics were evaluated. The influence of some critical parameters such 

as pH, temperature, adsorbent dosage, contact time, and initial concentration of 

antibiotics was studied by carrying out batch adsorption. In addition, the suitability of 

NI-NZ to be used as an adsorbent in a fixed-bed adsorption column was evaluated. In 

the next phase, prior to application in industry, a jar test was conducted to mimic ACF 

to remove the antibiotic from simulated wastewater.
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Göbel, A., McArdell, C. S., Joss, A., Siegrist, H. and Giger, W. (2007) ‘Fate of 

sulfonamides, macrolides, and trimethoprim in different wastewater treatment 

technologies’, Science of the Total Environment, 372(2-3), 361–371.  

Grabic, R., Fick, J., Lindberg, R. H., Fedorova, G. and Tysklind, M. (2012) ‘Multi-

residue method for trace level determination of pharmaceuticals in 

environmental samples using liquid chromatography coupled to triple 

quadrupole mass spectrometry’, Talanta, 100, 183–195. 

Guerra, P., Kim, M., Shah, A., Alaee, M. and Smyth, S. (2014) ‘Occurrence and fate 

of antibiotic, analgesic/anti-inflammatory, and antifungal compounds in five 

wastewater treatment processes’, Science of the Total Environment, 473, 235–

243. 

Gueye, M., Richardson, Y., Kafack, F. T. and Blin, J. (2014) ‘High efficiency activated 

carbons from African biomass residues for the removal of chromium(VI) from 

wastewater’, Journal of Environmental Chemical Engineering, 2(1), 273–281. 

Guler, U. A. (2017) ‘Removal of tetracycline from aqueous solutions using nanoscale 

zero valent iron and functional pumice modified nanoscale zero valent iron’, 

Journal of Environmental Engineering and Landscape Management, 25(3), 

223–233. 

Gullberg, E., Cao, S., Berg, O. G., Ilback, C., Sandegren, L., Hughes, D. and 

Andersson, D. I. (2011) ‘Selection of resistant bacteria at very low antibiotic 

concentrations’, PLoS Pathogens, 7(7), 1–9. 

Guo, J., Yang, C. and Zeng, G. (2013) ‘Treatment of swine wastewater using 

chemically modified zeolite and bioflocculant from activated sludge’, 

Bioresource Technology, 143, 289–297. 

Guo, M., Weng, X., Wang, T. and Chen, Z. (2017a) ‘Biosynthesized iron-based 

nanoparticles used as a heterogeneous catalyst for the removal of 2, 4-

dichlorophenol’, Separation and Purification Technology, 175, 222–228. 



 

169 

Guo, R., Xie, X. and Chen, J. (2015) ‘The degradation of antibiotic amoxicillin in the 

Fenton-activated sludge combined system’, Environmental Technology, 36(7), 

844–851. 

Guo, S., Yuan, N., Zhang, G. and Jimmy, C. Y. (2017b) ‘Graphene modified iron 

sludge derived from homogeneous Fenton process as an efficient 

heterogeneous Fenton catalyst for degradation of organic pollutants’, 

Microporous and Mesoporous Materials, 238, 62–68. 

Guo, X., Wang, P., Li, P. and Zhang, C. (2019) ‘Effect of Cu(II) on adsorption of 

tetracycline by natural zeolite: Performance and mechanism’, Water Science 

and Technology, 80(1), 164–172. 

Guo, Y., Huang, W., Chen, B., Zhao, Y., Liu, D., Sun, Y. and Gong, B. (2017c) 

‘Removal of tetracycline from aqueous solution by MCM-41-zeolite a loaded 

nano zero valent iron: Synthesis, characteristic, adsorption performance and 

mechanism’, Journal of Hazardous Materials, 339, 22–32. 

Guzel, F. and Saygili, H. (2016) ‘Adsorptive efficacy analysis of novel carbonaceous 

sorbent derived from grape industrial processing wastes towards tetracycline 

in aqueous solution’, Journal of the Taiwan Institute of Chemical Engineers, 60, 

236–240. 

Ham, K., Kim, B. S. and Choi, K. Y. (2018) ‘Enhanced ammonium removal efficiency 

by ion exchange process of synthetic zeolite after Na+ and heat pretreatment’, 

Water Science and Technology, 78(6), 1417–1425. 

Hamid, A. N. (2012) Country report: Malaysia, In proceedings of the international 

workshop on the use of antimicrobials in livestock production and 

antimicrobial resistance in the Asia-Pacific region, 22-23 October 2012, 

Negombo, Sri Lanka. 

Han, R., Wang, Y., Sun, Q., Wang, L., Song, J., He, X. and Dou, C. (2010) ‘Malachite 

green adsorption onto natural zeolite and reuse by microwave irradiation’, 

Journal of Hazardous Materials, 175(1-3), 1056–1061. 

Han, Y. Y., Forno, E., Badellino, H. A. and Celedon, J. C. (2017) ‘Antibiotic use in 

early life, rural residence, and allergic diseases in Argentinean children’, The 

Journal of Allergy and Clinical Immunology: In Practice, 5(4), 1112–1118.  



 

170 

Han, Y., Yang, L., Chen, X., Cai, Y., Zhang, X., Qian, M., Chen, X., Zhao, H., Sheng, 

M., Cao, G. and Shen, G. (2020) ‘Removal of veterinary antibiotics from swine 

wastewater using anaerobic and aerobic biodegradation’, Science of the Total 

Environment, 709, 136094. 

Hanada, K. Y., Yang, L., Narita, M., Saito, H. and Ohya, Y. (2017) ‘Influence of 

antibiotic use in early childhood on asthma and allergic diseases at age 5’, 

Annals of Allergy, Asthma and Immunology, 119(1), 54–58. 

Hanay, Ö., Yıldız, B., Aslan, S. and Hasar, H. (2014) ‘Removal of tetracycline and 

oxytetracycline by microscale zerovalent iron and formation of transformation 

products’, Environmental Science and Pollution Research, 21(5), 3774–3782. 

Hassani, A., Karaca, M., Karaca, S., Khataee, A., Acisli, O. and Yılmaz, B. (2018) 

‘Preparation of magnetite nanoparticles by high-energy planetary ball mill and 

its application for ciprofloxacin degradation through heterogeneous Fenton 

process’, Journal of Environmental Management, 211, 53–62. 

Hayder, I., Qazi, I. A., Awan, M. A., Khan, M. A. and Turabi, A. (2012) ‘Degradation 

and inactivation of ciprofloxacin photocatalysis using TiO2 nanoparticles’, 

Journal of Applied Pharmacy, 1(4), 487–497. 

Ho, L. and Newcombe, G. (2005) ‘Effect of NOM, turbidity and floc size on the PAC 

adsorption of MIB during alum coagulation’, Water Research, 39(15), 3668–

3674. 

Ho, Y. C., Chua, S. C. and Chong, F. K. (2020) Coagulation-flocculation technology 

in water and wastewater treatment. Pennsylvania: IGI Global. 

Ho, Y., Ng, J. and McKay, G. (2000) ‘Kinetics of pollutant sorption by biosorbents’, 

Separation and Purification Methods, 29(2), 189–232. 

Ho, Y., Norli, I., Alkarkhi, A. F. and Morad, N. (2010) ‘Characterization of 

biopolymeric flocculant (pectin) and organic synthetic flocculant (PAM): A 

comparative study on treatment and optimization in kaolin suspension’, 

Bioresource Technology, 101(4), 1166–1174. 

Homem, V. and Santos, L. (2011) ‘Degradation and removal methods of antibiotics 

from aqueous matrices: A review’, Journal of Environmental Management, 

92(10), 2304–2347. 

Horzum, N., Demir, M. M., Nairat, M. and Shahwan, T. (2013) ‘Chitosan fiber-

supported zero-valent iron nanoparticles as a novel sorbent for sequestration of 

inorganic arsenic’, RSC Advances, 3(21), 7828–7837. 



 

171 

Hossain, M. S., Omar, F., Asis, A. J., Bachmann, R. T., Sarker, M. Z. I. and Kadir, M. 

O. A. (2019) ‘Effective treatment of palm oil mill effluent using FeSO4·7H2O 

waste from titanium oxide industry: Coagulation adsorption isotherm and 

kinetics studies’, Journal of Cleaner Production, 219, 86–98. 

Hou, J., Wang, C., Mao, D. and Luo, Y. (2016) ‘The occurrence and fate of 

tetracyclines in two pharmaceutical wastewater treatment plants of Northern 

China’, Environmental Science and Pollution Research, 23(2), 1722–1731. 

Howe, K. J., Crittenden, J. C., Hand, D. W., Trussell, R. R. and Tchobanoglous, G. 

(2012) Principles of Water Treatment. New Jersey: John Wiley & Sons. 

Hrachovcová, K., Tišler, Z., Svobodová, E. and Šafář, J. (2020) ‘Modified alkali 

activated zeolite foams with improved textural and mechanical properties’, 

Minerals, 10(5), 483. 

Huang, G., Liu, F., Yang, Y., Deng, W., Li, S., Huang, Y. and Kong, X. (2015) 

‘Removal of ammonium-nitrogen from groundwater using a fully passive 

permeable reactive barrier with oxygen-releasing compound and 

clinoptilolite’, Journal of Environmental Management, 154, 1–7. 

Huangfu, X., Ma, C., Ma, J., He, Q., Yang, C., Jiang, J., Wang, Y. and Wu, Z. (2017) 

‘Significantly improving trace thallium removal from surface waters during 

coagulation enhanced by nanosized manganese dioxide’, Chemosphere, 168, 

264–271. 

Hue, T. T. T., Son, D. C., Anh, N. T. L., Anh, N. T. K., Phong, T. K. and Hirmatsu, K. 

(2014) ‘A simple and rapid method to measure residue of cefexime–a 

cephalosporin antibiotic in the wastewater of pharmaceutical production plant’, 

Journal of the Faculty of Agriculture Kyushu University, 59(1), 169–175. 

Hutchins, R. A. (1973) ‘New method simplifies design of activated carbon systems’, 

Journal of the American Chemical Society, 80, 133–138. 

Hwang, Y. H., Kim, D. G. and Shin, H. S. (2011a) ‘Effects of synthesis conditions on 

the characteristics and reactivity of nano scale zero valent iron’, Applied 

Catalysis B: Environmental, 105(1-2), 144–150. 

Hwang, Y. H., Kim, D. G. and Shin, H. S. (2011b) ‘Mechanism study of nitrate 

reduction by nano zero valent iron’, Journal of Hazardous Materials, 185(2-

3), 1513–1521.  



 

172 

Ihsanullah, Al-Khaldi, F. A., Abu-Sharkh, B., Abulkibash, A. M., Qureshi, M. I., 

Laoui, T. and Atieh, M. A. (2016) ‘Effect of acid modification on adsorption 

of hexavalent chromium (Cr(VI)) from aqueous solution by activated carbon 

and carbon nanotubes’, Desalination and Water Treatment, 57(16), 7232–7244. 

Inglezakis, V. J. and Zorpas, A. A. (2012) Handbook of natural zeolites. Sharjah: 

Bentham Science Publishers. 

Institute for Medical Research (2017) National antibiotic resistance surveillance 

report 2017. Kuala Lumpur: Institute for Medical Research. 

Jamil, T. S., Ibrahim, H. S., Abd El-Maksoud, I. and El-Wakeel, S. (2010) ‘Application 

of zeolite prepared from Egyptian kaolin for removal of heavy metals: I. 

optimum conditions’, Desalination, 258(1-3), 34–40. 

Jang, J. and Lee, D. S. (2016) ‘Enhanced adsorption of Cesium on PVA-alginate 

encapsulated Prussian blue-graphene oxide hydrogel beads in a fixed-bed 

column system’, Bioresource Technology, 218, 294–300. 

Jawad, A. H., Rashid, R. A., Mahmuod, R. M., Ishak, M. A. M., Kasim, N. N. and 

Ismail, K. (2016) ‘Adsorption of methylene blue onto coconut (cocos nucifera) 

leaf: Optimization, isotherm and kinetic studies’, Desalination and Water 

Treatment, 57(19), 8839–8853. 

Jean, S. S. and Hsueh, P. R. (2011) ‘High burden of antimicrobial resistance in Asia’, 

International Journal of Antimicrobial Agents, 37(4), 291–295. 

Jerold, M., Joseph, D., Patra, N. and Sivasubramanian, V. (2016) ‘Fixed-bed column 

studies for the removal of hazardous malachite green dye from aqueous 

solution using novel nano zerovalent iron algal biocomposite’, 

Nanotechnology for Environmental Engineering, 1(1), 1–10. 

Ji, J. Y., Xing, Y. J., Ma, Z. T., Zhang, M. and Zheng, P. (2013) ‘Acute toxicity of 

pharmaceutical wastewaters containing antibiotics to anaerobic digestion 

treatment’, Chemosphere, 91(8), 1094–1098. 

Ji, M. K., Ahn, Y. T., Ali Khan, M., Abou Shanab, R. A., Cho, Y., Choi, J. Y., Je Kim, 

Y., Song, H. and Jeon, B. H. (2011) ‘Removal of nitrate and ammonium ions 

from livestock wastewater by hybrid systems composed of zero-valent iron and 

adsorbents’, Environmental Technology, 32(16), 1851–1857. 

Jia, M., Wang, F., Bian, Y., Jin, X., Song, Y., Kengara, F. O., Xu, R. and Jiang, X. 

(2013) ‘Effects of pH and metal ions on oxytetracycline sorption to maize-

straw-derived biochar’, Bioresource Technology, 136, 87–93. 



 

173 

Jiang, J., Feng, L., Gu, X., Qian, Y., Gu, Y. and Duanmu, C. (2012) ‘Synthesis of 

zeolite A from palygorskite via acid activation’, Applied Clay Science, 55, 

108–113. 

Jiang, Z., Lv, L., Zhang, W., Du, Q., Pan, B., Yang, L. and Zhang, Q. (2011) ‘Nitrate 

reduction using nanosized zero-valent iron supported by polystyrene resins: 

Role of surface functional groups’, Water Research, 45(6), 2191–2198. 

Jihan, C., Yonglin, L., Peng, C., Kai, L., Qiyu, S. and Xiangyong, Z. (2015) 

‘Preliminary study on zeolite materials used to control of heavy metal pollution 

during the culture of mud clam T egillarca granosa L.’, Aquaculture Research, 

46(6), 1426–1435. 

Jiménez-Castañeda, M. E. and Medina, D. I. (2017) ‘Use of surfactant-modified 

zeolites and clays for the removal of heavy metals from water’, Water, 9(4), 

235. 

Johnson, R. L., Nurmi, J. T., O’Brien Johnson, G. S., Fan, D., O’Brien Johnson, R. L., 

Shi, Z., Blanc, A. J. S., Tratnyek, P. G. and Lowry, G. V. (2013) ‘Field-scale 

transport and transformation of carboxymethylcellulose-stabilized nano zero-

valent iron’, Environmental Science and Technology, 47(3), 1573–1580. 

Jojoa-Sierra, S. D., Silva-Agredo, J., Herrera-Calderon, E. and Torres-Palma, R. A. 

(2017) ‘Elimination of the antibiotic norfloxacin in municipal wastewater, 

urine and seawater by electrochemical oxidation on IrO2 anodes’, Science of 

the Total Environment, 575, 1228–1238. 

Joseph, L., Boateng, L. K., Flora, J. R., Park, Y. G., Son, A., Badawy, M. and Yoon, 

Y. (2013) ‘Removal of bisphenol A and 17α-ethinyl estradiol by combined 

coagulation and adsorption using carbon nanomaterials and powdered 

activated carbon’, Separation and Purification Technology, 107, 37–47. 

Joseph, L., Flora, J.R., Park, Y.G., Badawy, M., Saleh, H. and Yoon, Y. (2012) 

‘Removal of natural organic matter from potential drinking water sources by 

combined coagulation and adsorption using carbon nanomaterials’, Separation 

and Purification Technology, 95, 64–72. 

Jovanovic, M., Rajic, N. and Obradovic, B. (2012) ‘Novel kinetic model of the 

removal of divalent heavy metal ions from aqueous solutions by natural 

clinoptilolite’, Journal of Hazardous Materials, 233, 57–64. 



 

174 

Jusoh, A., Hartini, W. J. H., Endut, A. et al. (2011) ‘Study on the removal of pesticide 

in agricultural run off by granular activated carbon’, Bioresource Technology, 

102(9), 5312–5318. 

Kang, D., Yu, X., Ge, M., Xiao, F. and Xu, H. (2017) ‘Novel Al-doped carbon 

nanotubes with adsorption and coagulation promotion for organic pollutant 

removal’, Journal of Environmental Sciences, 54, 1–12. 

Karadag, D., Tok, S., Akgul, E., Ulucan, K., Evden, H. and Kaya, M. A. (2006) 

‘Combining adsorption and coagulation for the treatment of azo and 

anthraquinone dyes from aqueous solution’, Industrial and Engineering 

Chemistry Research, 45(11), 3969–3973. 

Karimi, M., Shojaei, A., Nematollahzadeh, A. and Abdekhodaie, M. J. (2012) ‘Column 

study of Cr(VI) adsorption onto modified silicapolyacrylamide microspheres 

composite’, Chemical Engineering Journal, 210, 280–288. 

Karunarathne, H. and Amarasinghe, B. (2013) ‘Fixed bed adsorption column studies 

for the removal of aqueous phenol from activated carbon prepared from 

sugarcane bagasse’, Energy Procedia, 34, 83–90. 

Kavitha, D. and Namasivayam, C. (2007) ‘Experimental and kinetic studies on 

methylene blue adsorption by coir pith carbon’, Bioresource Technology, 98(1), 

14–21. 

Keen, O. S. and Linden, K. G. (2013) ‘Degradation of antibiotic activity during 

UV/H2O2 advanced oxidation and photolysis in wastewater effluent’, 

Environmental Science and Technology, 47(22), 13020–13030. 

Khalil, A. M. E., Eljamal, O., Amen, T. W. M., Sugihara, Y. and Matsunaga, N. (2017) 

‘Optimized nano-scale zero-valent iron supported on treated activated carbon 

for enhanced nitrate and phosphate removal from water’, Chemical 

Engineering Journal, 309, 349–365. 

Khan, G. A., Berglund, B., Khan, K. M., Lindgren, P. E. and Fick, J. (2013) 

‘Occurrence and abundance of antibiotics and resistance genes in rivers, canal 

and near drug formulation facilities: A study in Pakistan’, PloS one, 8(6), 

e62712. 

Kim, H., Hwang, Y. S. and Sharma, V. K. (2014) ‘Adsorption of antibiotics and 

iopromide onto single-walled and multi-walled carbon nanotubes’, Chemical 

Engineering Journal, 255, 23–27. 



 

175 

Kim, S. A., Kamala Kannan, S., Lee, K. J., Park, Y. J., Shea, P. J., Lee, W. H., Kim, 

H. M. and Oh, B. T. (2013) ‘Removal of Pb(II) from aqueous solution by a 

zeolite- nanoscale zero-valent iron composite’, Chemical Engineering Journal, 

217, 54–60. 

Kim, S. H., Shon, H. K. and Ngo, H. H. (2010) ‘Adsorption characteristics of 

antibiotics trimethoprim on powered and granular activated carbon’, Journal 

of Industrial and Engineering Chemistry, 16(3), 344–349. 

Kimosop, S. J., Getenga, Z. M., Orata, F., Okello, V. and Cheruiyot, J. (2016) ‘Residue 

levels and discharge loads of antibiotics in wastewater treatment plants 

(WWTPs), hospital lagoons, and rivers within Lake Victoria Basin, Kenya’, 

Environmental Monitoring and Assessment, 188(9), 1–9. 

Klauson, D., Babkina, J., Stepanova, K., Krichevskaya, M. and Preis, S. (2010) 

‘Aqueous photocatalytic oxidation of amoxicillin’, Catalysis Today, 151(1-2), 

39–45. 

Klein, E. Y., Van Boeckel, T. P., Martinez, E. M., Pant, S., Gandra, S., Levin, S. A., 

Goossens, H. and Laxminarayan, R. (2018) ‘Global increase and geographic 

convergence in antibiotic consumption between 2000 and 2015’, Proceedings 

of the National Academy of Sciences of the United States of America, 115(15), 

E3463– E3470. 

Kobya, M., Demirbas, E., Senturk, E. and Ince, M. (2005) ‘Adsorption of heavy metal 

ions from aqueous solutions by activated carbon prepared from apricot stone’, 

Bioresource Technology, 96(13), 1518–1521. 

Kodešová, R., Kočárek, M., Klement, A., Golovko, O., Koba, O., Fér, M., Nikodem, 

A., Vondráčková, L., Jakšik, O. and Grabic, R. (2016) ‘An analysis of the 

dissipation of pharmaceuticals under thirteen different soil conditions’, Science 

of the Total Environment, 544, 369–381. 

Kong, X., Han, Z., Zhang, W., Song, L. and Li, H. (2016) ‘Synthesis of zeolite-

supported microscale zero-valent iron for the removal of Cr6+and Cd2+ from 

aqueous solution’, Journal of Environmental Management, 169, 84–90. 

Korkmaz, M., Özmetin, C., Fil, B. A., Özmetin, E. and Yaşar, Y. (2013) ‘Methyl violet 

dye adsorption onto clinoptilolite (natural zeolite): Isotherm and kinetic study’, 

Fresenius Environmental Bulletin, 22(5a), 1524–1533.  



 

176 

Kosma, C. I., Lambropoulou, D. A. and Albanis, T. A. (2014) ‘Investigation of PPCPs 

in wastewater treatment plants in Greece: Occurrence, removal and 

environmental risk assessment’, Science of the Total Environment, 466–467, 

421–438. 

Kovalakova, P., Cizmas, L., McDonald, T. J., Marsalek, B., Feng, M. and Sharma, V. 

K. (2020) ‘Occurrence and toxicity of antibiotics in the aquatic environment: 

A review’, Chemosphere, 251, 126351. 

Krajišnik, D., Daković, A., Malenović, A., Milojević-Rakić, M., Dondur, V., 

Radulović, Ž. and Milić, J. (2013) ‘Investigation of adsorption and release of 

diclofenac sodium by modified zeolites composites’, Applied Clay Science, 83, 

322–326. 

Król, M. (2020) ‘Natural vs. synthetic zeolites’, Crystals, 10(7), 622. 

Król, M., Mozgawa, W., Morawska, J. and Pichór, W. (2014) ‘Spectroscopic 

investigation of hydrothermally synthesized zeolites from expanded perlite’, 

Microporous and Mesoporous Materials, 196, 216–222. 

Kumar, K. V. (2006) ‘Linear and non-linear regression analysis for the sorption 

kinetics of methylene blue onto activated carbon’, Journal of Hazardous 

Materials, 137(3), 1538–1544. 

Kumar, K. V. and Kumaran, A. (2005) ‘Removal of methylene blue by mango seed 

kernel powder’, Biochemical Engineering Journal, 27(1), 83–93. 

Kumari, M. and Gupta, S. K. (2020) ‘A novel process of adsorption cum enhanced 

coagulation-flocculation spiked with magnetic nanoadsorbents for the removal 

of aromatic and hydrophobic fraction of natural organic matter along with 

turbidity from drinking water’, Journal of Cleaner Production, 244, 118899. 

Kunecki, P., Panek, R., Wdowin, M., Bień, T. and Franus, W. (2021) ‘Influence of the 

fly ash fraction after grinding process on the hydrothermal synthesis efficiency 

of Na-A, Na-P1, Na-X and sodalite zeolite types’, International Journal of 

Coal Science and Technology, 8, 291–311. 

Lagergren, S. K. (1898) ‘About the theory of so-called adsorption of soluble 

substances’, Kungl Svenska Vetenskapsakademiens Handlingar, 24, 1–39. 

Lai, B., Zhou, Y., Yang, P., Yang, J. and Wang, J. (2013) ‘Degradation of 3, 3’-

iminobis-propanenitrile in aqueous solution by Fe0/GAC micro-electrolysis 

system’, Chemosphere, 90(4), 1470–1477. 



 

177 

Laiju, A., Sivasankar, T. and Nidheesh, P. (2014) ‘Iron-loaded mangosteen as a 

heterogeneous Fenton catalyst for the treatment of landfill leachate’, 

Environmental Science and Pollution Research, 21(18), 10900–10907. 

Larasati, A., Fowler, G. D. and Graham, N. J. (2020) ‘Chemical regeneration of 

granular activated carbon: Preliminary evaluation of alternative regenerant 

solutions’, Environmental Science: Water Research and Technology, 6(8), 

2043–2056. 

Lee, K. C. and Choo, K. H. (2013) ‘Hybridization of TiO2 photocatalysis with 

coagulation and flocculation for 1, 4-dioxane removal in drinking water 

treatment’, Chemical Engineering Journal, 231, 227–235. 

Leekha, S., Terrell, C. L. and Edson, R. S. (2011) ‘General principles of antimicrobial 

therapy’, Mayo Clinic Proceedings, 86(2), 156–167. 

Lei, C., Hu, Y. Y. and He, M. Z. (2013) ‘Adsorption characteristics of triclosan from 

aqueous solution onto cetylpyridinium bromide (CPB) modified zeolites’, 

Chemical Engineering Journal, 219, 361–370. 

Lemus, J., Moya, C., Gilarranz, M. A., Rodriguez, J. J. and Palomar, J. (2017) ‘Fixed- 

bed adsorption of ionic liquids onto activated carbon from aqueous phase’, 

Journal of Environmental Chemical Engineering, 5(6), 5347–5351. 

Leung, H. W., Minh, T. B., Murphy, M. B., Lam, J. C. W., So, M. K., Martin, M., 

Lam, P. K. S. and Richardson, B. J. (2012) ‘Distribution, fate and risk 

assessment of antibiotics in sewage treatment plant in Hong Kong, South 

China’, Environment International, 42, 1–9. 

Li, B. and Zhang, T. (2012) ‘pH significantly affects removal of trace antibiotics in 

chlorination of municipal wastewater’, Water Research, 46(11), 3703–3713. 

Li, D., Guo, X., Song, H., Sun, T. and Wan, J. (2018a) ‘Preparation of RuO2-

TiO2/nano- graphite composite anode for electrochemical degradation of 

ceftriaxone sodium’, Journal of Hazardous Materials, 351, 250–259. 

Li, J., Yuan, X., Zhao, H., Li, F., Lei, Z. and Zhang, Z. (2018b) ‘Highly efficient one-

step advanced treatment of biologically pretreated coking wastewater by an 

integration of coagulation and adsorption process’, Bioresource Technology, 

247, 1206–1209. 

Li, M., Wei, D. and Du, Y. (2014) ‘Acute toxicity evaluation for quinolone antibiotics 

and their chlorination disinfection processes’, Journal of Environmental 

Sciences, 26(9), 1837–1842. 



 

178 

Li, S., Wang, W., Liang, F. and Zhang, W. X. (2017a) ‘Heavy metal removal using 

nanoscale zero-valent iron (nZVI): Theory and application’, Journal of 

Hazardous Materials, 322, 163–171. 

Li, W. C. (2014) ‘Occurrence, sources and fate of pharmaceuticals in aquatic 

environment and soil’, Environmental Pollution, 187, 193–201. 

Li, X., Liu, Z. and Lee, J. Y. (2013a) ‘Adsorption kinetic and equilibrium study for 

removal of mercuric chloride by CuCl2-impregnated activated carbon sorbent’, 

Journal of Hazardous Materials, 252, 419–427. 

Li, Y., Li, L. and Yu, J. (2017b) ‘Applications of zeolites in sustainable chemistry’, 

Chem, 3(6), 928–949. 

Li, Y., Zhang, F., Liang, X. and Yediler, A. (2013b) ‘Chemical and toxicological 

evaluation of an emerging pollutant (enrofloxacin) by catalytic wet air 

oxidation and ozonation in aqueous solution’, Chemosphere, 90(2), 284–291. 

Li, Y., Zhang, Y., Li, J. and Zheng, X. (2011) ‘Enhanced removal of 

pentachlorophenol by a novel composite: Nanoscale zero valent iron 

immobilized on organobentonite’, Environmental Pollution, 159(12), 3744–

3749. 

Li, Z., Schulz, L., Ackley, C. and Fenske, N. (2010) ‘Adsorption of tetracycline on 

kaolinite with pH-dependent surface charges’, Journal of Colloid and Interface 

Science, 351(1), 254–260. 

Liao, P., Zhan, Z., Dai, J., Wu, X., Zhang, W., Wang, K. and Yuan, S. (2013) 

‘Adsorption of tetracycline and chloramphenicol in aqueous solutions by 

bamboo charcoal: A batch and fixed-bed column study’, Chemical Engineering 

Journal, 228, 496–505. 

Lim, A. P. and Aris, A. Z. (2014) ‘Continuous fixed-bed column study and adsorption 

modeling: Removal of cadmium(II) and lead(II) ions in aqueous solution by 

dead calcareous skeletons’, Biochemical Engineering Journal, 87, 50–61. 

Lin, L., Lei, Z., Wang, L., Liu, X., Zhang, Y., Wan, C., Lee, D. J. and Tay, J. H. (2013) 

‘Adsorption mechanisms of high-levels of ammonium onto natural and NaCl-

modified zeolites’, Separation and Purification Technology, 103, 15–20. 

Ling, X., Li, J., Zhu, W., Zhu, Y., Sun, X., Shen, J., Han, W. and Wang, L. (2012) 

‘Synthesis of nanoscale zero-valent iron/ordered mesoporous carbon for 

adsorption and synergistic reduction of nitrobenzene’, Chemosphere, 87(6), 

655–660. 



 

179 

Liu, M., An, D., Hou, L. A., Yu, S. and Zhu, Y. (2015) ‘Zero valent iron particles 

impregnated zeolite X composites for adsorption of tetracycline in aquatic 

environment’, RSC Advances, 5(125), 103480–103487. 

Liu, P., Liu, W. J., Jiang, H.and Chen, J. J., Li, W. W. and Yu, H. Q. (2012a) 

‘Modification of bio-char derived from fast pyrolysis of biomass and its 

application in removal of tetracycline from aqueous solution’, Bioresource 

Technology, 121, 235–240. 

Liu, T., Wang, Z. L., Zhao, L. and Yang, X. (2012b) ‘Enhanced chitosan/Fe(0)-

nanoparticles beads for hexavalent chromium removal from wastewater’, 

Chemical Engineering Journal, 189, 196–202. 

Loloei, M., Alidadi, H., Nekonam, G., Kor, Y. et al. (2014) ‘Study of the coagulation 

process in wastewater treatment of dairy industries’, Journal of Environmental 

Health Science and Engineering, 3(1), 12. 

Long, Y., Lei, D., Ni, J., Ren, Z., Chen, C. and Xu, H. (2014) ‘Packed bed column 

studies on lead(II) removal from industrial wastewater by modified agaricus 

bisporus’, Bioresource Technology, 152, 457–463. 

Low, K., Chai, L., Lee, C., Zhang, G., Zhang, R., Vahab, V. and Bong, C. (2021) 

‘Prevalence and risk assessment of antibiotics in riverine estuarine Larut and 

Sangga Besar River, Perak’, Journal of Oceanology and Limnology, 39, 122–

134. 

Lu, J., Sun, Q., Wu, J. and Zhu, G. (2020) ‘Enhanced ozonation of antibiotics using 

magnetic Mg(OH)2 nanoparticles made through magnesium recovery from 

discarded bischofite’, Chemosphere, 238, 124694. 

Lu, P. L., Liu, Y. C., Toh, H. S., Lee, Y. L., Liu, Y. M., Ho, C. M., Huang, C. C., Liu, 

C. E., Ko, W. C., Wang, J. H. et al. (2012) ‘Epidemiology and antimicrobial 

susceptibility profiles of gram-negative bacteria causing urinary tract 

infections in the Asia-Pacific Region: 2009-2010 results from the study for 

monitoring antimicrobial resistance trends (SMART)’, International Journal 

of Antimicrobial Agents, 40, S37–S43. 

Lübbert, C., Baars, C., Dayakar, A., Lippmann, N., Rodloff, A.C., Kinzig, M. and 

Sörgel, F. (2017) ‘Environmental pollution with antimicrobial agents from 

bulk drug manufacturing industries in Hyderabad, South India, is associated 

with dissemination of extended-spectrum beta-lactamase and carbapenemase-

producing pathogens’, Infection, 45(4), 479–491. 



 

180 

Luo, H., Law, W. W., Wu, Y., Zhu, W. and Yang, E. H. (2018a) ‘Hydrothermal 

synthesis of needle-like nanocrystalline zeolites from metakaolin and their 

applications for efficient removal of organic pollutants and heavy metals’, 

Microporous and Mesoporous Materials, 272, 8–15. 

Luo, L., Zou, D., Lu, D., Xin, B., Zhou, M., Zhai, X. and Ma, J. (2018b) 

‘Heterogeneous catalytic ozonation of ciprofloxacin in aqueous solution using 

a manganese- modified silicate ore’, RSC Advances, 8(58), 33534–33541. 

Lye, J. W. P., Saman, N., Sharuddin, S. S. N., Othman, N. S., Mohtar, S. S., Md Noor, 

A. M., Buhari, J., Cheu, S. C., Kong, H. and Mat, H. (2017) ‘Removal 

performance of tetracycline and oxytetracycline from aqueous solution via 

natural zeolites: An equilibrium and kinetic study’, CLEAN–Soil, Air, Water, 

45(10), 1600260. 

Ma, C., Huang, H., Gao, X., Wang, T., Zhu, Z., Huo, P., Liu, Y. and Yan, Y. (2018) 

‘Honeycomb tubular biochar from fargesia leaves as an effective adsorbent for 

tetracyclines pollutants’, Journal of the Taiwan Institute of Chemical 

Engineers, 91, 299–308. 

Ma, Y., Lv, X., Yang, Q., Wang, Y. and Chen, X. (2017) ‘Reduction of carbon 

tetrachloride by nanoscale palladized zero-valent iron@ graphene composites: 

Kinetics, activation energy, effects of reaction conditions and degradation 

mechanism’, Applied Catalysis, A: General, 542, 252–261. 

Ma, Y., Zhou, Q., Zhou, S., Wang, W., Jin, J., Xie, J., Li, A. and Shuang, C. (2014) 

‘A bifunctional adsorbent with high surface area and cation exchange property 

for synergistic removal of tetracycline and Cu2+’, Chemical Engineering 

Journal, 258, 26–33. 

Mackulak, T. Nagyova, K., Faberova, M., Grabic, R., Koba, O., Gal, M. and Birosova, 

L. (2015) ‘Utilization of Fenton-like reaction for antibiotics and resistant 

bacteria elimination in different parts of WWTP’, Environmental Toxicology 

and Pharmacology, 40(2), 492–497. 

Mahmoodi, N. M., Salehi, R. and Arami, M. (2011) ‘Binary system dye removal from 

colored textile wastewater using activated carbon: Kinetic and isotherm 

studies’, Desalination, 272(1-3), 187–195. 

Malash, G. F. and Khaiary, M. I. E. (2010) ‘Piecewise linear regression: A statistical 

method for the analysis of experimental adsorption data by the intraparticle-

diffusion models’, Chemical Engineering Journal, 163(3), 256–263. 



 

181 

Mano, H. and Okamoto, S. (2016) ‘Preliminary ecological risk assessment of 10 

PPCPs and their contributions to the toxicity of concentrated surface water on 

an algal species in the middle basin of Tama River’, Journal of Water and 

Environment Technology, 14(6), 423–436. 

Martinez-Huitle, C. A., Rodrigo, M. A. and Scialdone, O. (2018) Electrochemical 

water and wastewater treatment, 1st Edition. Oxford: Butterworth-Heinemann. 

Martins, A. C., Pezoti, O., Cazetta, A. L., Bedin, K. C., Yamazaki, D. A. S., Bandoch, 

G. F. G., Asefa, T., Visentainer, J. V. and Almeida, V. C. (2015) ‘Removal of 

tetracycline by NaOH-activated carbon produced from macadamia nut shells: 

Kinetic and equilibrium studies’, Chemical Engineering Journal, 260, 291–

299. 

Mason, S. A., Garneau, D., Sutton, R., Chu, Y., Ehmann, K., Barnes, J., Fink, P., 

Papazissimos, D. and Rogers, D. L. (2016) ‘Microplastic pollution is widely 

detected in US municipal wastewater treatment plant effluent’, Environmental 

Pollution, 218, 1045–1054. 

Matongo, S., Birungi, G., Moodley, B. and Ndungu, P. (2015) ‘Pharmaceutical 

residues in water and sediment of Msunduzi River, Kwazulu-Natal, South 

Africa’, Chemosphere, 134, 133–140. 

Matos, J., Miralles-Cuevas, S., Ruiz-Delgado, A., Oller, I. and Malato, S. (2017) 

‘Development of TiO2-C photocatalysts for solar treatment of polluted water’, 

Carbon, 122, 361–373. 

Michael, I., Rizzo, L., McArdell, C. S., Manaia, C. M., Merlin, C., Schwartz, T., 

Dagot, C. and Kassinos, D. F. (2013) ‘Urban wastewater treatment plants as 

hotspots for the release of antibiotics in the environment: A review’, Water 

Research, 47(3), 957–995. 

Minh, N. L., Khan, S. J., Drewes, J. E. and Stuetz, R. M. (2010) ‘Fate of antibiotics 

during municipal water recycling treatment processes’, Water Research, 

44(15), 4295–4323. 

Misaelides, P. (2011) ‘Application of natural zeolites in environmental remediation: 

A short review’, Microporous and Mesoporous Materials, 144(1-3), 15–18. 

Miyata, M., Ihara, I., Yoshid, G., Toyod, K. and Umetsu, K. (2011) ‘Electrochemical 

oxidation of tetracycline antibiotics using a Ti/IrO2 anode for wastewater 

treatment of animal husbandry’, Water Science and Technology, 63(3), 456–

461. 



 

182 

Mohammadi, A., Kazemipour, M., Ranjbar, H., Walker, R. B. and Ansari, M. (2015) 

‘Amoxicillin removal from aqueous media using multi-walled carbon 

nanotubes’, Fullerenes, Nanotubes and Carbon Nanostructures, 23(2), 165–

169. 

Mohan, S., Singh, D. K., Kumar, V. and Hasan, S. H. (2017) ‘Effective removal of 

fluoride ions by rGO/ZrO2 nanocomposite from aqueous solution: Fixed bed 

column adsorption modelling and its adsorption mechanism’, Journal of 

Fluorine Chemistry, 194, 40–50. 

Mohtar, S. S., Sharuddin, S. S. N., Saman, N., Lye, J. W. P., Othman, N. S. and Mat,H. 

(2020) ‘A simultaneous removal of ammonium and turbidity via an adsorptive 

coagulation for drinking water treatment process’, Environmental Science and 

Pollution Research, 27(16), 20173–20186. 

Mora-Gomez, J., Ortega, E., Mestre, S., Pérez-Herranz, V. and Garcia-Gabaldón, M. 

(2019) ‘Electrochemical degradation of norfloxacin using BDD and new Sb-

doped SnO2 ceramic anodes in an electrochemical reactor in the presence and 

absence of a cation-exchange membrane’, Separation and Purification 

Technology, 208, 68–75. 

Munir, M., Wong, K. and Xagoraraki, I. (2011) ‘Release of antibiotic resistant bacteria 

and genes in the effluent and biosolids of five wastewater utilities in Michigan’, 

Water Research, 45(2), 681–693. 

Munoz, M., De Pedro, Z. M., Casas, J. A. and Rodriguez, J. J. (2015) ‘Preparation of 

magnetite-based catalysts and their application in heterogeneous Fenton 

oxidation: A review’, Applied Catalysis B: Environmental, 176, 249–265. 

Muthuraman, G. and Sasikala, S. (2014) ‘Removal of turbidity from drinking water 

using natural coagulants’, Journal of Industrial and Engineering Chemistry, 

20(4), 1727–1731. 

Nairat, M., Shahwan, T., Eroğlu, A.E. and Fuchs, H. (2015) ‘Incorporation of iron 

nanoparticles into clinoptilolite and its application for the removal of cationic 

and anionic dyes’, Journal of Industrial and Engineering Chemistry, 21, 1143–

1151. 

Nassar, R., Trivella, A., Mokh, S., Al-Iskandarani, M., Budzinski, H. and Mazellier, 

P. (2017) ‘Photodegradation of sulfamethazine, sulfamethoxypiridazine, 

amitriptyline, and clomipramine drugs in aqueous media’, Journal of 

Photochemistry and Photobiology A: Chemistry, 336, 176–182. 



 

183 

Nawrocki, J. and Kasprzyk-Hordern, B. (2010) ‘The efficiency and mechanisms of 

catalytic ozonation’, Applied Catalysis B: Environmental, 99(1-2), 27–42. 

Nazari, G., Abolghasemi, H., Esmaieli, M. and Pouya, E. S. (2016) ‘Aqueous phase 

adsorption of cephalexin by walnut shell-based activated carbon: A fixed-bed 

column study’, Applied Surface Science, 375, 144–153. 

Nicholas, G. P. (2010) Water treatment USA. Colorado: American Water Works 

Association. 

Njoku, V. O., Foo, K. Y., Asif, M. and Hameed, B. H. (2014) ‘Preparation of activated 

carbons from rambutan (Nephelium lappaceum) peel by microwave-induced 

KOH activation for acid yellow 17 dye adsorption’, Chemical Engineering 

Journal, 250, 198–204. 

Nunell, G. V., Fernández, M. E., Bonelli, P. R. and Cukierman, A. L. (2012) 

‘Conversion of biomass from an invasive species into activated carbons for 

removal of nitrate from wastewater’, Biomass Bioenergy, 44, 87–95. 

Oberoi, A. S., Jia, Y., Zhang, H., Khanal, S. K. and Lu, H. (2019) ‘Insights into the 

fate and removal of antibiotics in engineered biological treatment systems: A 

critical review’, Environmental Science and Technology, 53(13), 7234–7264. 

Ofomaja, A. E. (2010) ‘Intraparticle diffusion process for lead(II) biosorption onto 

mansonia wood sawdust’, Bioresource Technology, 101(15), 5868–5876. 

Onmaz, N. E., Abay, S., Karadal, F., Hizlisoy, H., Telli, N. and Al, S. (2015) 

‘Occurence and antimicrobial resistance of staphylococcus aureus and 

salmonella spp. in retail fish samples in Turkey’, Marine Pollution Bulletin, 

90(1-2), 242–246. 

Ou, J., Mei, M. and Xu, X. (2016) ‘Magnetic adsorbent constructed from the loading 

of amino functionalized Fe3O4 on coordination complex modified 

polyoxometalates nanoparticle and its tetracycline adsorption removal property 

study’, Journal of Solid State Chemistry, 238, 182–188. 

Pan, X., Lv, N., Li, C., Ning, J., Wang, T., Wang, R., Zhou, M. and Zhu, G. (2019) 

‘Impact of nano zero valent iron on tetracycline degradation and microbial 

community succession during anaerobic digestion’, Chemical Engineering 

Journal, 359, 662–671. 

Pandit, A. B. and Kumar, J. K. (2013) Drinking water disinfection techniques. Boca 

Raton: CRC Press.  



 

184 

Papageorgiou, M., Kosma, C. and Lambropoulou, D. (2016) ‘Seasonal occurrence, 

removal, mass loading and environmental risk assessment of 55 

pharmaceuticals and personal care products in a municipal wastewater 

treatment plant in Central Greece’, Science of the Total Environment, 543, 

547–569. 

Patel, H. and Vashi, R. (2012) ‘Fixed bed column adsorption of ACID Yellow 17 dye 

onto Tamarind seed powder’, Canadian Journal of Chemical Engineering, 

90(1), 180–185. 

Paumelle, M., Donnadieu, F., Joly, M., Besse-Hoggan, P. and Artigas, J. (2021) 

‘Effects of sulfonamide antibiotics on aquatic microbial community 

composition and functions’, Environment International, 146, 106198. 

Peng, X., Tian, Y., Liu, S. and Jia, X. (2017) ‘Degradation of TBBPA and BPA from 

aqueous solution using organo-montmorillonite supported nanoscale zero-

valent iron’, Chemical Engineering Journal, 309, 717–724. 

Pereira, P. M., Ferreira, B. F., Oliveira, N. P., Nassar, E. J., Ciuffi, K. J., Vicente, M. 

A., Trujillano, R., Rives, V., Gil, A., Korili, S. et al. (2018) ‘Synthesis of zeolite 

A from metakaolin and its application in the adsorption of cationic dyes’, 

Applied Sciences, 8(4), 608. 

Pérez, R. O., Ramos, R. L., Utrilla, J. R., Cano, J. V. F. and Polo, M. S. (2015) 

‘Modeling adsorption rate of tetracyclines on activated carbons from aqueous 

phase’, Chemical Engineering Research and Design, 104, 579–588. 

Pérez, R. O., Utrilla, J. R., Pacheco, C. G., Polo, M. S. and Peñalver, J. J. L. (2012) 

‘Kinetic study of tetracycline adsorption on sludge-derived adsorbents in 

aqueous phase’, Chemical Engineering Journal, 213, 88–96. 

Perini, J. A. L., Silva, B. F. and Nogueira, R. F. P. (2014) ‘Zero-valent iron mediated 

degradation of ciprofloxacin–assessment of adsorption, operational parameters 

and degradation products’, Chemosphere, 117, 345–352. 

Perrich, J. R. (2018) Activated carbon adsorption for wastewater treatment. Boca 

Raton: CRC Press. 

Porras, J., Bedoya, C., Silva-Agredo, J., Santamaria, A., Fernández, J. J. and Torres-

Palma, R. A. (2016) ‘Role of humic substances in the degradation pathways 

and residual antibacterial activity during the photodecomposition of the 

antibiotic ciprofloxacin in water’, Water Research, 94, 1–9. 



 

185 

Pouretedal, H. and Sadegh, N. (2014) ‘Effective removal of amoxicillin, cephalexin, 

tetracycline and penicillin G from aqueous solutions using activated carbon 

nanoparticles prepared from vine wood’, Journal of Water Process 

Engineering, 1, 64–73. 

Prasad, V., Baliyan, S. and Sibi, G. (2018) ‘Prevalence of antibiotic resistance among 

bacterial isolates from hospital environments and effluents’, Journal of 

Bacteriology and Mycology, 5(7), 1082–1085. 

Praveena, S. M., Shaifuddin, S. N. M., Sukiman, S., Nasir, F. A. M., Hanafi, Z., 

Kamarudin, N., Ismail, T. H. T. and Aris, A. Z. (2018) ‘Pharmaceuticals 

residues in selected tropical surface water bodies from Selangor (Malaysia): 

Occurrence and potential risk assessments’, Science of the Total Environment, 

642, 230–240. 

Puchana-Rosero, M. J., Lima, E. C., Mella, B., Costa, D., Poll, E. and Gutterres, M. 

(2018) ‘A coagulation-flocculation process combined with adsorption using 

activated carbon obtained from sludge for dye removal from tannery 

wastewater’, Journal of the Chilean Chemical Society, 63(1), 3867–3874. 

Qi, Y., Mei, Y., Li, J., Yao, T., Yang, Y., Jia, W., Tong, X., Wu, J. and Xin, B. (2019) 

‘Highly efficient microwave-assisted Fenton degradation of metacycline using 

pine-needle-like CuCo2O4 nanocatalyst’, Chemical Engineering Journal, 373, 

1158–1167. 

Qiu, X. and Fang, Z. (2010) ‘Degradation of halogenated organic compounds by 

modified nano zero-valent iron’, Progress in Chemistry, 22(2-3), 291–297. 

Quist-Jensen, C. A., Macedonio, F. and Drioli, E. (2015) ‘Membrane technology for 

water production in agriculture: Desalination and wastewater reuse’, 

Desalination, 364, 17–32. 

Rajan, C. (2011) ‘Nanotechnology in groundwater remediation’, International Journal 

of Environmental Science and Development, 2(3), 182–187. 

Ramavandi, B. and Akbarzadeh, S. (2015) ‘Removal of metronidazole antibiotic from 

contaminated water using a coagulant extracted from Plantago ovata’, 

Desalination and Water Treatment, 55(8), 2221–2228. 

Rao, K. S., Anand, S. and Venkateswarlu, P. (2011) ‘Modeling the kinetics of Cd(II) 

adsorption on Syzygium cumini L leaf powder in a fixed bed mini column’, 

Journal of Industrial and Engineering Chemistry, 17(2), 174–181. 



 

186 

Reeve, P. J. and Fallowfield, H. J. (2018) ‘Natural and surfactant modified zeolites: A 

review of their applications for water remediation with a focus on surfactant 

desorption and toxicity towards microorganisms’, Journal of Environmental 

Management, 205, 253–261. 

Regea, G. (2018) ‘Review on antibiotics resistance and its economic impacts’, Journal 

of Pharmacology and Clinical Research, 5, 555675. 

Riley, L. W., Raphael, E. and Faerstein, E. (2013) ‘Obesity in the United States 

dysbiosis from exposure to low-dose antibiotics?’, Frontiers in Public Health, 

1, 69. 

Rodayan, A., Roy, R. and Yargeau, V. (2010) ‘Oxidation products of 

sulfamethoxazole in ozonated secondary effluent’, Journal of Hazardous 

Materials, 177(1-3), 237–243. 

Roginsky, S. and Zeldovich, Y. B. (1934) ‘The catalytic oxidation of carbon monoxide 

on manganese dioxide’, Acta Physicochimica URSS, 1, 554. 

Rossmann, J., Schubert, S., Gurke, R., Oertel, R. and Kirch, W. (2014) ‘Simultaneous 

determination of most prescribed antibiotics in multiple urban wastewater by 

SPE- LC-MS/MS’, Journal of Chromatography B, 969, 162–170. 

Sadowska, K., Góra-Marek, K. and Datka, J. (2012) ‘Hierarchic zeolites studied by IR 

spectroscopy: Acid properties of zeolite ZSM-5 desilicated with NaOH and 

NaOH/tetrabutylamine hydroxide’, Vibrational Spectroscopy, 63, 418–425. 

Saini, R., Raghunath, C. V., Pandey, P. and Kumar, P. (2016) ‘Optimization of Fenton 

oxidation for the removal of methyl parathion in aqueous solution’, 

Perspectives on Science, 8, 670–672. 

Salman, J., Njoku, V. and Hameed, B. (2011) ‘Batch and fixed-bed adsorption of 2, 4-

dichlorophenoxyacetic acid onto oil palm frond activated carbon’, Chemical 

Engineering Journal, 174(1), 33–40. 

Salvestrini, S., Sagliano, P., Iovino, P., Capasso, S. and Colella, C. (2010) ‘Atrazine 

adsorption by acid-activated zeolite-rich tuffs’, Applied Clay Science, 49(3), 

330–335. 

Salvestrini, S., Vanore, P., Iovino, P., Leone, V. and Capasso, S. (2015) ‘Adsorption 

of simazine and boscalid onto acid-activated natural clinoptilolite’, 

Environmental Engineering and Management Journal, 14, 1705–1712.  



 

187 

Saman, N., Johari, K., Song, S. T., Kong, H., Cheu, S. C. and Mat, H. (2016) ‘High 

removal efficiency of Hg(II) and MeHg(II) from aqueous solution by coconut 

pith–Equilibrium, kinetic and mechanism analyses’, Journal of Environmental 

Chemical Engineering, 4(2), 2487–2499. 

Saman, N., Johari, K., Tien, S. S. and Mat, H. (2015) ‘Silver ion adsorption using alkali 

and organosilane modified coconut pith biosorbents’, Journal of Natural 

Fibers, 12(3), 283–302. 

Sánchez-Rivera, M. J., Giner-Sanz, J. J., Pérez-Herranz, V. and Mestre, S. (2019) 

‘CuO improved (Sn, Sb) O2 ceramic anodes for electrochemical advanced 

oxidation processes’, International Journal of Applied Ceramic Technology, 

16(3), 1274–1285. 

Santos, L. H., Gros, M., Rodriguez-Mozaz, S., Delerue-Matos, C., Pena, A., Barceló, 

D. and Montenegro, M. C. B. (2013) ‘Contribution of hospital effluents to the 

load of pharmaceuticals in urban wastewaters: Identification of ecologically 

relevant pharmaceuticals’, Science of the Total Environment, 461, 302–316. 

Sari, S., Ozdemir, G., Gomec, C. Y., Zengin, G. E., Topuz, E., Aydin, E., Mantas, E. 

P. and Tas, D. O. (2014) ‘Seasonal variation of diclofenac concentration and 

its relation with wastewater characteristics at two municipal wastewater 

treatment plants in Turkey’, Journal of Hazardous Materials, 272, 155–164. 

Scholz, M. (2015) Wetlands for water pollution control, 2nd Edition. Amsterdam: 

Elsevier. 

Seader, J. D., Henley, E. J. and Roper, D. K. (2016) Separation Process Principles 

with Applications Using Process Simulators, 4th Edition. New Jersey: John 

Wiley Incorporated. 

Senta, I., Terzic, S. and Ahel, M. (2013) ‘Occurrence and fate of dissolved and 

particulate antimicrobials in municipal wastewater treatment’, Water Research, 

47(2), 705– 714. 

Shafique, U., Ijaz, A., Salman, M., Zaman, W., Jamil, N., Rehman, R. and Javaid, A. 

(2012) ‘Removal of arsenic from water using pine leaves’, Journal of the 

Taiwan Institute of Chemical Engineers, 43(2), 256–263. 

Shah, A. D., Huang, C. H. and Kim, J. H. (2012) ‘Mechanisms of antibiotic removal 

by nanofiltration membranes: Model development and application’, Journal of 

Membrane Science, 389, 234–244. 



 

188 

Shao, Y., Zhao, P., Yue, Q., Wu, Y., Gao, B. and Kong, W. (2018) ‘Preparation of 

wheat straw-supported nanoscale zero-valent iron and its removal performance 

on ciprofloxacin’, Ecotoxicology and Environmental Safety, 158, 100–107. 

Sharma, R. and Singh, B. (2013) ‘Removal of Ni(II) ions from aqueous solutions using 

modified rice straw in a fixed bed column’, Bioresource Technology, 146, 519–

524. 

Sharma, S., Umar, A., Mehta, S. K., Ibhadon, A. O. and Kansal, S. K. (2018) ‘Solar 

light driven photocatalytic degradation of levofloxacin using TiO2/carbon- dot 

nanocomposites’, New Journal of Chemistry, 42(9), 7445–7456. 

Sheng, B., Cong, H., Zhang, S. and Meng, F. (2018) ‘Interactive effects between 

tetracycline and nitrosifying sludge microbiota in a nitritation membrane 

bioreactor’, Chemical Engineering Journal, 341, 556–564. 

Sheng, G., Shao, X., Li, Y., Li, J., Dong, H., Cheng, W., Gao, X. and Huang, Y. (2014) 

‘Enhanced removal of uranium(VI) by nanoscale zerovalent iron supported on 

Na–bentonite and an investigation of mechanism’, Journal of Physical 

Chemistry A, 118(16), 2952–2958. 

Shi, J. C., Liao, X. D., Wu, Y. B. and Liang, J. (2011a) ‘Effect of antibiotics on 

methane arising from anaerobic digestion of pig manure’, Animal Feed Science 

and Technology, 166, 457–463. 

Shi, L. N., Zhang, X. and Chen, Z. L. (2011b) ‘Removal of chromium(VI) from 

wastewater using bentonite-supported nanoscale zero-valent iron’, Water 

Research, 45(2), 886–892. 

Shih, Y. H. and Tai, Y. T. (2010) ‘Reaction of decabrominated diphenyl ether by 

zerovalent iron nanoparticles’, Chemosphere, 78(10), 1200–1206. 

Shokoohi, R., Leili, M., Dargahi, A., Vaziri, Y. and Khamutian, R. (2017) ‘Common 

antibiotics in wastewater of Sina and Besat hospitals, Hamadan, Iran’, Archives 

of Hygiene Sciences, 6(2), 152–159. 

Shu, H. Y., Chang, M. C., Chen, C. C. and Chen, P. E. (2010) ‘Using resin supported 

nano zero-valent iron particles for decoloration of acid blue 113 azo dye 

solution’, Journal of Hazardous Materials, 184(1-3), 499–505. 

Shu, H. Y., Chang, M. C., Yu, H. H. and Chen, W. H. (2007) ‘Reduction of an azo dye 

acid black 24 solution using synthesized nanoscale zerovalent iron particles’, 

Journal of Colloid and Interface Science, 314(1), 89–97. 



 

189 

Sillanpää, M., Ncibi, M.C., Matilainen, A. and Vepsäläinen, M. (2018) ‘Removal of 

natural organic matter in drinking water treatment by coagulation: A 

comprehensive review’, Chemosphere, 190, 54–71. 

Sim, W. J., Lee, J. W., Lee, E. S., Shin, S. K., Hwang, S. R. and Oh, J. E. (2011) 

‘Occurrence and distribution of pharmaceuticals in wastewater from 

households, livestock farms, hospitals and pharmaceutical manufactures’, 

Chemosphere, 82(2), 179–186. 

Simkovic, K., Derco, J. and Valickova, M. (2015) ‘Removal of selected pesticides by 

nano zero-valent iron’, Acta Chimica Slovenica, 8(2), 152–155. 

Singh, R., Misra, V. and Singh, R. P. (2012) ‘Removal of Cr(VI) by nanoscale 

zerovalent iron (nZVI) from soil contaminated with tannery wastes’, Bulletin 

of Environmental Contamination and Toxicology, 88(2), 210–214. 

Sirés, I., Brillas, E., Oturan, M. A., Rodrigo, M. A. and Panizza, M. (2014) 

‘Electrochemical advanced oxidation processes: Today and tomorrow. A 

review’, Environmental Science and Pollution Research, 21(14), 8336–8367. 

Snyder, S. A., Westerhoff, P., Yoon, Y. and Sedlak, D. L. (2003) ‘Pharmaceuticals, 

personal care products, and endocrine disruptors in water: Implications for the 

water industry’, Environmental Engineering Science, 20(5), 449–469. 

Soliemanzadeh, A. and Fekri, M. (2017) ‘The application of green tea extract to 

prepare bentonite-supported nanoscale zero-valent iron and its performance on 

removal of Cr(VI): Effect of relative parameters and soil experiments’, 

Microporous and Mesoporous Materials, 239, 60–69. 

Song, S. T., Saman, N., Johari, K. and Mat, H. (2013) ‘Removal of Hg(II) from 

aqueous solution by adsorption using raw and chemically modified rice straw 

as novel adsorbents’, Industrial and Engineering Chemistry Research, 52(36), 

13092–13101. 

Song, S. T., Saman, N., Johari, K. and Mat, H. (2015) ‘Biosorption of mercury from 

aqueous solution and oilfield produced water by pristine and sulfur 

functionalized rice residues’, Environmental Progress and Sustainable Energy, 

34(5), 1298–1310. 

Soori, M. M., Ghahramani, E., Kazemian, H., Al Musawi, T. J. and Zarrabi, M. (2016) 

‘Intercalation of tetracycline in nano sheet layered double hydroxide: An 

insight into UV/VIS spectra analysis’, Journal of the Taiwan Institute of 

Chemical Engineers, 63, 271–285. 



 

190 

Souza, P., Dotto, G. and Salau, N. (2019) ‘Experimental and mathematical modeling 

of hindered diffusion effect of cationic dye in the adsorption onto bentonite’, 

Journal of Environmental Chemical Engineering, 7(1), 102891. 

Sriram, A., Erta, K., Kapoor, G., Craig, J., Balasubramanian, R., Brar, S., Criscuolo, 

N., Hamilton, A., Klein, E., Tseng, K., Van Boeckel, T. and Ramanan, L. 

(2021) The State of the World’s Antibiotics 2021: A global analysis of 

antimicrobial resistance and its drivers. Washington DC: Center for Disease 

Dynamics, Economics & Policy. 

Srivastava, V. C., Prasad, B., Mishra, I. M., Mall, I. D. and Swamy, M. M. (2008) 

‘Prediction of breakthrough curves for sorptive removal of phenol by bagasse 

fly ash packed bed’, Industrial and Engineering Chemistry Research, 47(5), 

1603–1613. 

Stackelberg, P. E., Gibs, J., Furlong, E. T., Meyer, M. T., Zaugg, S. D. and Lippincott, 

R. L. (2007) ‘Efficiency of conventional drinking-water-treatment processes in 

removal of pharmaceuticals and other organic compounds’, Science of the 

Total Environment, 377(2-3), 255–272. 

Stieber, M., Putschew, A. and Jekel, M. (2011) ‘Treatment of pharmaceuticals and 

diagnostic agents using zero-valent iron–kinetic studies and assessment of 

transformation products assay’, Environmental Science and Technology, 

45(11), 4944–4950. 

Su, C., Puls, R. W., Krug, T. A., Watling, M. T., O’Hara, S. K., Quinn, J. W. and Ruiz, 

N. E. (2012) ‘A two and half-year-performance evaluation of a field test on 

treatment of source zone tetrachloroethene and its chlorinated daughter 

products using emulsified zero valent iron nanoparticles’, Water Research, 

46(16), 5071–5084. 

Suárez, N., Pérez-Pariente, J., Mondragón, F. and Moreno, A. (2019) ‘Generation of 

hierarchical porosity in beta zeolite by post-synthesis treatment with the 

cetyltrimethylammonium cationic surfactant under alkaline conditions’, 

Microporous and Mesoporous Materials, 280, 144–150. 

Takeda, H., Hashimoto, S., Yokoyama, H., Honda, S. and Iwamoto, Y. (2013) 

‘Characterization of zeolite in zeolite-geopolymer hybrid bulk materials 

derived from kaolinitic clays’, Materials, 6(5), 1767–1778. 



 

191 

Tan, K. and Hameed, B. (2017) ‘Insight into the adsorption kinetics models for the 

removal of contaminants from aqueous solutions’, Journal of the Taiwan 

Institute of Chemical Engineers, 74, 25–48. 

Tao, Q., Hu, M., Ma, X., Xiang, M., Zhang, T. C., Li, C., Yao, J. and Liang, Y. (2015) 

‘Simultaneous removal of ammonium and nitrate by HDTMA-modified 

zeolite’, Water Science and Technology, 72(11), 1931–1939. 

Thai, P. K., Binh, V. N., Nhung, P. H., Nhan, P. T., Hieu, N. Q., Dang, N. T., Tam, N. 

K. B., Anh, N. T. K. et al. (2018) ‘Occurrence of antibiotic residues and 

antibiotic-resistant bacteria in effluents of pharmaceutical manufacturers and 

other sources around Hanoi, Vietnam’, Science of the Total Environment, 645, 

393–400. 

The Center for Disease Dynamics, Economics and Policy (2014) Antibiotic use. 

Retrieved June 19, 2016, from 

https://resistancemap.cddep.org/AntibioticUse.php.  

Thiang, E. L., Lee, C. W., Takada, H., Seki, K., Takei, A., Suzuki, S., Wang, A. and 

Bong, C. W. (2021) ‘Antibiotic residues from aquaculture farms and their 

ecological risks in Southeast Asia: A case study from Malaysia’, Ecosystem 

Health and Sustainability, 1926337. 

Thomas, H. C. (1944) ‘Heterogeneous ion exchange in a flowing system’, Journal of 

the American Chemical Society, 66(10), 1664–1666. 

Thomas, H. C. (1948) ‘Chromatography: A problem in kinetics’, Annals of the New 

York Academy of Sciences, 49(2), 161–182. 

Thommes, M., Kaneko, K., Neimark, A. V., Olivier, J. P., Rodriguez-Reinoso, F., 

Rouquerol, J. and Sing, K. S. (2015) ‘Physisorption of gases, with special 

reference to the evaluation of surface area and pore size distribution (IUPAC 

technical report)’, Pure and Applied Chemistry, 87(9-10), 1051–1069. 

Toledo-Jaldin, H. P., Blanco-Flores, A., Sánchez-Mendieta, V. and Martin-Hernández, 

O. (2018) ‘Influence of the chain length of surfactant in the modification of 

zeolites and clays. Removal of atrazine from water solutions’, Environmental 

Technology, 39(20), 2679–2690. 

Torabian, A., Kazemian, H., Seifi, L., Bidhendi, G. N., Azimi, A. A. and Ghadiri, S. 

K. (2010) ‘Removal of petroleum aromatic hydrocarbons by surfactant-

modified natural zeolite: The effect of surfactant’, CLEAN-Soil, Air, Water, 

38(1), 77–83. 



 

192 

Torrellas, S. Á., Rodriguez, A., Ovejero, G. and Garcia, J. (2016) ‘Comparative 

adsorption performance of ibuprofen and tetracycline from aqueous solution 

by carbonaceous materials’, Chemical Engineering Journal, 283, 936–947. 

Tran, H. N., You, S. J., Hosseini-Bandegharaei, A. and Chao, H. P. (2017) ‘Mistakes 

and inconsistencies regarding adsorption of contaminants from aqueous 

solutions: A critical review’, Water Research, 120, 88–116. 

Tran, N. H., Chen, H., Reinhard, M., Mao, F. and Gin, K. Y. H. (2016) ‘Occurrence 

and removal of multiple classes of antibiotics and antimicrobial agents in 

biological wastewater treatment processes’, Water Research, 104, 461–472. 

Tran, N. H., Hoang, L., Nghiem, L. D., Nguyen, N. M. H., Ngo, H. H., Guo, W., Trinh, 

Q. T., Mai, N. H., Chen, H., Nguyen, D. D., Ta, T. T. and Gin, K. Y. H. (2019) 

‘Occurrence and risk assessment of multiple classes of antibiotics in urban 

canals and lakes in Hanoi, Vietnam’, Science of the Total Environment, 692, 

157–174. 

Tran, N. H., Reinhard, M. and Gin, K. Y. H. (2018) ‘Occurrence and fate of emerging 

contaminants in municipal wastewater treatment plants from different 

geographical regions: A review’, Water Research, 133, 182–207. 

Tyagi, M., Rana, A., Kumari, S. and Jagadevan, S. (2018) ‘Adsorptive removal of 

cyanide from coke oven wastewater onto zero-valent iron: Optimization 

through response surface methodology, isotherm and kinetic studies’, Journal 

of Cleaner Production, 178, 398–407. 

Ünlü, N. and Ersoz, M. (2006) ‘Adsorption characteristics of heavy metal ions onto a 

low cost biopolymeric sorbent from aqueous solutions’, Journal of Hazardous 

Materials, 136(2), 272–280. 

Utrilla, J. R., Pacheco, C. V. G., Polo, M. S., Peñalver, J. J. L. and Pérez, R. O. (2013) 

‘Tetracycline removal from water by adsorption/bioadsorption on activated 

carbons and sludge-derived adsorbents’, Journal of Environmental 

Management, 131, 1624. 

Valdés, M. E., Amé, M. V., Angeles Bistoni, M. and Wunderlin, D. A. (2014) 

‘Occurrence and bioaccumulation of pharmaceuticals in a fish species 

inhabiting the Suquia River basin (Córdoba, Argentina)’, Science of the Total 

Environment, 472, 389–396.  



 

193 

Van Boeckel, T. P., Brower, C., Gilbert, M., Grenfell, B. T., Levin, S. A., Robinson, 

T. P., Teillant, A. and Laxminarayan, R. (2015) ‘Global trends in antimicrobial 

use in food animals’, Proceedings of the National Academy of Sciences of the 

United States of America, 112(18), 5649–5654. 

Van Boeckel, T. P., Gandra, S., Ashok, A., Caudron, Q., Grenfell, B. T., Levin, S. A. 

and Laxminarayan, R. (2014) ‘Global antibiotic consumption 2000 to 2010: 

An analysis of national pharmaceutical sales data’, Lancet Infectious Diseases, 

14(8), 742–750. 

Van Boeckel, T. P., Pires, J., Silvester, R., Zhao, C., Song, J., Criscuolo, N. G., Gilbert, 

M., Bonhoeffer, S. and Laxminarayan, R. (2019) ‘Global trends in 

antimicrobial resistance in animals in low-and middle-income countries’, 

Science, 365(6459). 

Vennila, V., Madhu, V., Rajesh, R., Ealla, K. K., Velidandla, S. R. and Santoshi, S. 

(2014) ‘Tetracycline-induced discoloration of deciduous teeth: Case series’, 

Journal of International Oral Health, 6(3), 115–119. 

Verboekend, D., Chabaneix, A. M., Thomas, K., Gilson, J. P. and Pérez-Ramirez, J. 

(2011) ‘Mesoporous ZSM-22 zeolite obtained by desilication: Peculiarities 

associated with crystal morphology and aluminium distribution’, 

CrystEngComm, 13(10), 3408–3416. 

Vergeynst, L., Haeck, A., Wispelaere, P., Van Langenhove, H. and Demeestere, K. 

(2015) ‘Multi-residue analysis of pharmaceuticals in wastewater by liquid 

chromatography-magnetic sector mass spectrometry: Method quality 

assessment and application in a Belgian case study’, Chemosphere, 119, S2–

S8. 

Verlicchi, P., Al Aukidy, M., Galletti, A., Petrovic, M. and Barceló, D. (2012a) 

‘Hospital effluent: Investigation of the concentrations and distribution of 

pharmaceuticals and environmental risk assessment’, Science of the Total 

Environment, 430, 109–118. 

Verlicchi, P., Al Aukidy, M. and Zambello, E. (2012b) ‘Occurrence of pharmaceutical 

compounds in urban wastewater: Removal, mass load and environmental risk 

after a secondary treatment-A review’, Science of the Total Environment, 429, 

123–155. 



 

194 

Verma, P., Gupta, M. and Parasher, P. (2017) ‘Occurrence and distribution of 

antibiotic substances in waste water from hospital effluent’, International 

Journal of Current Research and Review, 10, 17–23. 

Vilardi, G., Pulido, J. M. O., Stoller, M., Verdone, N. and Palma, L. D. (2018) ‘Fenton 

oxidation and chromium recovery from tannery wastewater by means of iron-

based coated biomass as heterogeneous catalyst in fixed-bed columns’, 

Chemical Engineering Journal, 351, 1–11. 

Vipin, A. K., Ling, S. and Fugetsu, B. (2016) ‘Removal of Cs+ and Sr2+ from water 

using MWCNT reinforced Zeolite-A beads’, Microporous and Mesoporous 

Materials, 224, 84–88. 

Von Sonntag, C. and Von Gunten, U. (2012) Chemistry of ozone in water and 

wastewater treatment. London: IWA publishing. 

Wan, J., Guo, P., Peng, X. and Wen, K. (2015) ‘Effect of erythromycin exposure on 

the growth, antioxidant system and photosynthesis of Microcystis flos-aquae’, 

Journal of Hazardous Materials, 283, 778–786. 

Wang, H., Yuan, X., Wu, Y., Zeng, G., Dong, H., Chen, X., Leng, L., Wu, Z. and 

Peng, L. (2016a) ‘In situ synthesis of In2S3@MIL-125 (Ti) core-shell 

microparticle for the removal of tetracycline from wastewater by integrated 

adsorption and visible-light-driven photocatalysis’, Applied Catalysis B: 

Environmental, 186, 19–29. 

Wang, J., Liu, G., Zhou, C., Li, T. and Liu, J. (2014) ‘Synthesis, characterization and 

aging study of kaolinite-supported zero-valent iron nanoparticles and its 

application for Ni(II) adsorption’, Materials Research Bulletin, 60, 421–432. 

Wang, J., Zhi, D., Zhou, H., He, X. and Zhang, D. (2018) ‘Evaluating tetracycline 

degradation pathway and intermediate toxicity during the electrochemical 

oxidation over a Ti/Ti4O7 anode’, Water Research, 137, 324–334.  

Wang, L., Qiang, Z., Li, Y. and Ben, W. (2017a) ‘An insight into the removal of 

fluoroquinolones in activated sludge process: Sorption and biodegradation 

characteristics’, Journal of Environmental Sciences, 56, 263–271. 

Wang, L., Yang, J., Li, Y., Lv, J. and Zou, J. (2016b) ‘Removal of chlorpheniramine 

in a nanoscale zero-valent iron induced heterogeneous Fenton system: 

Influencing factors and degradation intermediates’, Chemical Engineering 

Journal, 284, 1058–1067. 



 

195 

Wang, S. and Peng, Y. (2010) ‘Natural zeolites as effective adsorbents in water and 

wastewater treatment’, Chemical Engineering Journal, 156(1), 11–24. 

Wang, X., Du, Y. and Ma, J. (2016c) ‘Novel synthesis of carbon spheres supported 

nanoscale zero-valent iron for removal of metronidazole’, Applied Surface 

Science, 390, 50–59. 

Wang, X., Liu, P., Ma, J. and Liu, H. (2017b) ‘Preparation of novel composites based 

on hydrophilized and functionalized polyacrylonitrile membrane-immobilized 

NZVI for reductive transformation of metronidazole’, Applied Surface Science, 

396, 841–850. 

Wang, X. M., Li, B., Zhang, T. and Li, X. Y. (2015) ‘Performance of nanofiltration 

membrane in rejecting trace organic compounds: Experiment and model 

prediction’, Desalination, 370, 7–16. 

Weber, W. J. and Morris, J. C. (1963) ‘Kinetics of adsorption on carbon from solution’, 

Journal of the Sanitary Engineering Division, 89(2), 31–60. 

Wei, Y. T., Wu, S. C., Chou, C. M., Che, C. H., Tsai, S. M. and Lien, H. L. (2010) 

‘Influence of nanoscale zero-valent iron on geochemical properties of 

groundwater and vinyl chloride degradation: A field case study’, Water 

Research, 44(1), 131–140. 

Wen, Z., Zhang, Y. and Dai, C. (2014) ‘Removal of phosphate from aqueous solution 

using nanoscale zerovalent iron (nZVI)’, Colloids and Surfaces A: 

Physicochemical and Engineering Aspects, 457, 433–440. 

Weng, X., Chen, Z., Chen, Z., Megharaj, M. and Naidu, R. (2014) ‘Clay supported 

bimetallic Fe/Ni nanoparticles used for reductive degradation of amoxicillin in 

aqueous solution: Characterization and kinetics’, Colloids and Surfaces A: 

Physicochemical and Engineering Aspects, 443, 404–409. 

WHO (2019a) New report calls for urgent action to avert antimicrobial resistance 

crisis. World Health Organization. Retrieved September 19, 2019, 

https://www.who.int/news/item/29-04-2019-new-report-calls-for-urgent-

action-to-avert-antimicrobial-resistance-crisis. 

WHO (2019b) Ten threats to global health in 2019. World Health Organization. 

Retrieved June 30, 2021, from https://www.who.int/news-room/spotlight/ten- 

threats-to-global-health-in-2019. 

Widiastuti, N., Wu, H., Ang, H. M. and Zhang, D. (2011) ‘Removal of ammonium 

from greywater using natural zeolite’, Desalination, 277(1-3), 15–23. 

http://www.who.int/news-room/spotlight/ten-


 

196 

Wołowiec, M., Muir, B., Zieba, K., Bajda, T., Kowalik, M. and Franus, W. (2017) 

‘Experimental study on the removal of VOCs and PAHs by zeolites and 

surfactant- modified zeolites’, Energy and Fuels, 31(8), 8803–8812. 

Wols, B., Hofman-Caris, C., Harmsen, D. and Beerendonk, E. (2013) ‘Degradation of 

40 selected pharmaceuticals by UV/H2O2’, Water Research, 47(15), 5876–

5888. 

Wongcharee, S., Aravinthan, V. and Erdei, L. (2020) ‘Removal of natural organic 

matter and ammonia from dam water by enhanced coagulation combined with 

adsorption on powdered composite nano-adsorbent’, Environmental 

Technology and Innovation, 17, 100557. 

Wu, H., Xie, H., He, G., Guan, Y. and Zhang, Y. (2016a) ‘Effects of the pH and anions 

on the adsorption of tetracycline on iron-montmorillonite’, Applied Clay 

Science, 119, 161–169. 

Wu, X., Tan, X., Yang, S., Wen, T., Guo, H., Wang, X. and Xu, A. (2013) ‘Coexistence 

of adsorption and coagulation processes of both arsenate and NOM from 

contaminated groundwater by nanocrystallined Mg/Al layered double 

hydroxides’, Water Research, 47(12), 4159–4168. 

Wu, Y., Xi, B., Hu, G., Wang, D., Li, A., Zhang, W., Lu, L. and Ding, H. (2016b) 

‘Adsorption of tetracycline and sulfonamide antibiotics on amorphous nano-

carbon’, Desalination and Water Treatment, 57(47), 22682–22694. 

Wu, Y., Yuan, D., Zeng, S., Yang, L., Dong, X., Zhang, Q., Xu, Y. and Liu, Z. (2021) 

‘Significant enhancement in CH4/N2 separation with amine-modified zeolite 

Y’, Fuel, 301, 121077. 

Xavier, S., Gandhimathi, R., Nidheesh, P. V. and Ramesh, S. T. (2015) ‘Comparison 

of homogeneous and heterogeneous Fenton processes for the removal of 

reactive dye Magenta MB from aqueous solution’, Desalination and Water 

Treatment, 53(1), 109–118. 

Xia, S., Gu, Z., Zhang, Z., Zhang, J. and Hermanowicz, S. W. (2014) ‘Removal of 

chloramphenicol from aqueous solution by nanoscale zero-valent iron 

particles’, Chemical Engineering Journal, 257, 98–104. 

Xia, S., Jia, R., Feng, F., Xie, K., Li, H., Jing, D. and Xu, X. (2012) ‘Effect of solids 

retention time on antibiotics removal performance and microbial communities 

in an A/O-MBR process’, Bioresource Technology, 106, 36–43. 



 

197 

Xiao, J., Gao, B., Yue, Q., Gao, Y. and Li, Q. (2015) ‘Removal of trihalomethanes 

from reclaimed-water by original and modified nanoscale zero-valent iron: 

Characterization, kinetics and mechanism’, Chemical Engineering Journal, 

262, 1226–1236. 

Xie, J., Meng, W., Wu, D., Zhang, Z. and Kong, H. (2012) ‘Removal of organic 

pollutants by surfactant modified zeolite: Comparison between ionizable 

phenolic compounds and non-ionizable organic compounds’, Journal of 

Hazardous Materials, 231, 57–63. 

Xie, Q., Xie, J., Wang, Z., Wu, D., Zhang, Z. and Kong, H. (2013) ‘Adsorption of 

organic pollutants by surfactant modified zeolite as controlled by surfactant 

chain length’, Microporous and Mesoporous Materials, 179, 144–150. 

Xu, J., Xu, W., Wang, D., Sang, G. and Yang, X. (2016) ‘Evaluation of enhanced 

coagulation coupled with magnetic ion exchange (MIEX) in natural organic 

matter and sulfamethoxazole removals: The role of Al-based coagulant 

characteristic’, Separation and Purification Technology, 167, 70–78. 

Xu, L., Dai, J., Pan, J., Li, X., Huo, P., Yan, Y., Zou, X. and Zhang, R. (2011) 

‘Performance of rattle-type magnetic mesoporous silica spheres in the 

adsorption of single and binary antibiotics’, Chemical Engineering Journal, 

174(1), 221–230. 

Yacob, H., Ling, Y. E., Hee Young, K., Oh, J. E., Noor, Z. Z., Din, M. F. M., Taib, S. 

M. and Hun, L. T. (2017) ‘Identification of pharmaceutical residues in treated 

sewage effluents in Johor, Malaysia’, Malaysian Journal of Civil Engineering, 

29, 165–173. 

Yadav, R., Sharma, A. K. and Babu, J. N. (2016) ‘Sorptive removal of arsenite 

[As(III)] and arsenate [As(V)] by fuller’s earth immobilized nanoscale zero-

valent iron nanoparticles (F-nZVI): Effect of Fe(0) loading on adsorption 

activity’, Journal of Environmental Chemical Engineering, 4(1), 681–694. 

Yagub, M. T., Sen, T. K., Afroze, S. and Ang, H. M. (2015) ‘Fixed-bed dynamic 

column adsorption study of methylene blue (MB) onto pine cone’, 

Desalination and Water Treatment, 55(4), 1026–1039. 

Yan, W., Herzing, A. A., Kiely, C. J. and Zhang, W. X. (2010) ‘Nanoscale zero-valent 

iron (nZVI): Aspects of the core-shell structure and reactions with inorganic 

species in water’, Journal of Contaminant Hydrology, 118(3-4), 96–104. 



 

198 

Yang, C. W., Chang, Y. T., Chao, W. L., Shiung, L. I., Lin, H. S., Chen, H., Ho, S. H., 

Lu, M. J., Lee, P. H. and Fan, S. N. (2014) ‘An investigation of total bacterial 

communities, culturable antibiotic-resistant bacterial communities and 

integrons in the river water environments of Taipei City’, Journal of 

Hazardous Materials, 277, 159–168. 

Yang, Q., Zhong, Y., Li, X., Li, X., Luo, K., Wu, X., Chen, H., Liu, Y. and Zeng, G. 

(2015) ‘Adsorption-coupled reduction of bromate by Fe(II)–Al(III) layered 

double hydroxide in fixed-bed column: Experimental and breakthrough curves 

analysis’, Journal of Industrial and Engineering Chemistry, 28, 54–59. 

Yang, W., Tang, Z., Zhou, F., Zhang, W. and Song, L (2013) ‘Toxicity studies of 

tetracycline on Microcystis aeruginosa and Selenastrum capricornutum’, 

Environmental Toxicology and Pharmacology, 35(2), 320–324. 

Yang, X., Xu, G., Yu, H. and Zhang, Z. (2016a) ‘Preparation of ferric- activated 

sludge-based adsorbent from biological sludge for tetracycline removal’, 

Bioresource Technology, 211, 566–573. 

Yang, Z., Yan, J., Lian, J., Xu, H., She, X. and Li, H. (2016b) ‘g-C3N4/TiO2 

nanocomposites for degradation of ciprofloxacin under visible light 

irradiation’, ChemistrySelect, 1(18), 5679–5685. 

Yesiller, S. U., Eroğlu, A. E. and Shahwan, T. (2013) ‘Removal of aqueous rare earth 

elements (REEs) using nano-iron based materials’, Journal of Industrial and 

Engineering Chemistry, 19(3), 898–907. 

Yi, Q., Zhang, Y., Gao, Y., Tian, Z. and Yang, M. (2017) ‘Anaerobic treatment of 

antibiotic production wastewater pretreated with enhanced hydrolysis: 

Simultaneous reduction of COD and ARGs’, Water Research, 110, 211–217. 

Yi, X., Lin, C., Ong, E. J. L., Wang, M. and Zhou, Z. (2019) ‘Occurrence and 

distribution of trace levels of antibiotics in surface waters and soils driven by 

non-point source pollution and anthropogenic pressure’, Chemosphere, 216, 

213–223. 

Yoon, Y. H. and Nelson, J. H. (1984) ‘Application of gas adsorption kinetics I. A 

theoretical model for respirator cartridge service life’, American Industrial 

Hygiene Association Journal, 45(8), 509–516. 

Yu, W., Yang, J., Shi, Y., Song, J., Shi, Y., Xiao, J., Li, C., Xu, X., He, S., Liang, S. 

et al. (2016) ‘Roles of iron species and pH optimization on sewage sludge 

conditioning with Fenton’s reagent and lime’, Water Research, 95, 124–133. 



 

199 

Yu, Y., Geng, J., Li, H., Bao, R., Chen, H., Wang, W., Xia, J. and Wong, W. Y. (2017) 

‘Exceedingly high photocatalytic activity of g-C3N4/Gd-N-TiO2 composite 

with nanoscale heterojunctions’, Solar Energy Materials and Solar Cells, 168, 

91–99. 

Yuan, F., Hu, C., Hu, X., Wei, D., Chen, Y. and Qu, J. (2011) ‘Photodegradation and 

toxicity changes of antibiotics in UV and UV/H2O2 process’, Journal of 

Hazardous Materials, 185(2-3), 1256–1263. 

Yuen, M. (2018) Stronger bugs against drugs. The Star. Retrieved September 19, 2019, 

from https://www.thestar.com.my/news/nation/2018/06/10/stronger-bugs-

against-drugs-the-antimicrobial-resistance-situation-in-malaysia-is-worrying-

some-bac. 

Yuna, Z. (2016) ‘Review of the natural, modified, and synthetic zeolites for heavy 

metals removal from wastewater’, Environmental Engineering Science, 33(7), 

443–454. 

Zagklis, D. P., Koutsoukos, P. G. and Paraskeva, C. A. (2012) ‘A combined 

coagulation/flocculation and membrane filtration process for the treatment of 

paint industry wastewaters’, Industrial and Engineering Chemistry Research, 

51(47), 15456–15462. 

Zeidman, A. B., Rodriguez-Narvaez, O. M., Moon, J. and Bandala, E. R. (2020) 

‘Removal of antibiotics in aqueous phase using silica-based immobilized 

nanomaterials: A review’, Environmental Technology and Innovation, 101030. 

Zhang, D., Yin, J., Zhao, J., Zhu, H. and Wang, C. (2015) ‘Adsorption and removal of 

tetracycline from water by petroleum coke-derived highly porous activated 

carbon’, Journal of Environmental Chemical Engineering, 3(3), 1504–1512. 

Zhang, H., Jia, Y., Khanal, S. K., Lu, H., Fang, H. and Zhao, Q. (2018a) 

‘Understanding the role of extracellular polymeric substances on ciprofloxacin 

adsorption in aerobic sludge, anaerobic sludge, and sulfate-reducing bacteria 

sludge systems’, Environmental Science and Technology, 52(11), 6476–6486.  

Zhang, L., Song, X., Liu, X., Yang, L., Pan, F. and Lv, J. (2011a) ‘Studies on the 

removal of tetracycline by multi-walled carbon nanotubes’, Chemical 

Engineering Journal, 178, 26–33.  

http://www.thestar.com.my/news/nation/2018/06/10/stronger-bugs-against-
http://www.thestar.com.my/news/nation/2018/06/10/stronger-bugs-against-


 

200 

Zhang, M., Zhang, H., Xu, D., Han, L., Niu, D., Tian, B., Zhang, J., Zhang, L. and Wu, 

W. (2011b) ‘Removal of ammonium from aqueous solutions using zeolite 

synthesized from fly ash by a fusion method’, Desalination, 271(1-3), 111–

121. 

Zhang, N., Chen, J., Fang, Z. and Tsang, E. P. (2019) ‘Ceria accelerated nanoscale 

zerovalent iron assisted heterogenous Fenton oxidation of tetracycline’, 

Chemical Engineering Journal, 369, 588–599. 

Zhang, R., Li, J., Liu, C., Shen, J., Sun, X., Han, W. and Wang, L. (2013) ‘Reduction 

of nitrobenzene using nanoscale zero-valent iron confined in channels of 

ordered mesoporous silica’, Colloids and Surfaces A: Physicochemical and 

Engineering Aspects, 425, 108–114. 

Zhang, T., Tu, Z., Lu, G., Duan, X., Yi, X., Guo, C. and Dang, Z. (2017) ‘Removal of 

heavy metals from acid mine drainage using chicken eggshells in column 

mode’, Journal of Environmental Management, 188, 1–8. 

Zhang, W., Dong, L., Yan, H., Li, H., Jiang, Z., Kan, X., Yang, H., Li, A. and Cheng, 

R. (2011c) ‘Removal of methylene blue from aqueous solutions by straw based 

adsorbent in a fixed-bed column’, Chemical Engineering Journal, 173(2), 

429–436. 

Zhang, W., Wei, Q., Xiao, J., Liu, Y., Yan, C., Liu, J., Sand, W. and Chow, C. W. 

(2020) ‘The key factors and removal mechanisms of sulfadimethoxazole and 

oxytetracycline by coagulation’, Environmental Science and Pollution 

Research, 27(14), 16167–16176. 

Zhang, X., Guo, W., Ngo, H. H., Wen, H., Li, N. and Wu, W. (2016) ‘Performance 

evaluation of powdered activated carbon for removing 28 types of antibiotics 

from water’, Journal of Environmental Management, 172, 193–200. 

Zhang, X., Lin, S., Chen, Z., Megharaj, M. and Naidu, R. (2011d) ‘Kaolinite-supported 

nanoscale zero-valent iron for removal of Pb(II) from aqueous solution: 

Reactivity, characterization and mechanism’, Water Research, 45(11), 3481–

3488. 

Zhang, X., Lin, Y. M., Shan, X. Q. and Chen, Z. L. (2010) ‘Degradation of 2,4,6-

trinitrotoluene (TNT) from explosive wastewater using nanoscale zero-valent 

iron’, Chemical Engineering Journal, 158(3), 566–570. 



 

201 

Zhang, Y., Li, Y., Li, J., Hu, L. and Zheng, X. (2011e) ‘Enhanced removal of nitrate 

by a novel composite: Nanoscale zero valent iron supported on pillared clay’, 

Chemical Engineering Journal, 171(2), 526–531. 

Zhang, Y., Shao, Y., Gao, N., Gao, Y., Chu, W., Li, S., Wang, Y. and Xu, S. (2018b) 

‘Kinetics and by-products formation of chloramphenicol (CAP) using 

chlorination and photocatalytic oxidation’, Chemical Engineering Journal, 

333, 85–91. 

Zhao, W., Sui, Q., Mei, X. and Cheng, X. (2018) ‘Efficient elimination of 

sulfonamides by an anaerobic/anoxic/oxic-membrane bioreactor process: 

Performance and influence of redox condition’, Science of the Total 

Environment, 633, 668–676. 

Zhao, X., Lv, L., Pan, B., Zhang, W., Zhang, S. and Zhang, Q. (2011) ‘Polymer- 

supported nanocomposites for environmental application: A review’, Chemical 

Engineering Journal, 170(2-3), 381–394. 

Zheng, J., Su, C., Zhou, J., Xu, L., Qian, Y. and Chen, H. (2017) ‘Effects and 

mechanisms of ultraviolet, chlorination, and ozone disinfection on antibiotic 

resistance genes in secondary effluents of municipal wastewater treatment 

plants’, Chemical Engineering Journal, 317, 309–316. 

Zheng, P., Bai, B., Guan, W., Wang, H. and Suo, Y. (2016) ‘Degradation of 

tetracycline hydrochloride by heterogeneous Fenton-like reaction using Fe@ 

Bacillus subtilis’, RSC Advances, 6(5), 4101–4107. 

Zhou, Q., Li, Z., Shuang, C., Li, A., Zhang, M. and Wang, M. (2012) ‘Efficient 

removal of tetracycline by reusable magnetic microspheres with a high surface 

area’, Chemical Engineering Journal, 210, 350–356. 

Zhou, Y., Wang, T., Zhi, D., Guo, B., Zhou, Y., Nie, J., Huang, A., Yang, Y., Huang, 

H. and Luo, L. (2019) ‘Applications of nanoscale zero-valent iron and its 

composites to the removal of antibiotics: A review’, Journal of Materials 

Science, 54(19), 12171–12188. 

Zou, Y. L., Huang, H., Chu, M., Lin, J. W., Yin, D. Q. and Li, Y. N. (2012) ‘Adsorption 

research of tetracycline from water by HCl-modified zeolite’, Advanced 

Materials Research, 573, 43–47. 

 



 

217 

LIST OF PUBLICATIONS 

Journal with Impact Factor 

1. Lye, J. W. P., Saman, N., Noor, A. M. M., Mohtar, S. S., Othman, N. S., 

Sharuddin, S. S. N., Kong, H., & Mat, H. (2020). Application of nanoscale 

zero-valent iron-loaded natural zeolite for tetracycline removal process. 

Chemical & Engineering Technology, 43, 113. 

https://doi.org/10.1002/ceat.201900479. (Q2, IF:2.418) 

2. Lye, J. W. P., Saman, N., Sharuddin, S. S. N., Othman, N. S., Mohtar, S. S., 

Noor, A. M. M., Buhari, J., Cheu, S. C., Kong, H., & Mat, H. (2017). 

Removal performance of tetracycline and oxytetracycline from aqueous 

solution via natural zeolites: an equilibrium and kinetic study. CLEAN Soil 

Air Water, 45(10), 1600260. https://doi.org/10.1002/clen.201600260. (Q3, 

IF:1.442) 

 


	DECLARATION
	DEDICATION
	ACKNOWLEDGEMENT
	ABSTRACT
	ABSTRAK
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF ABBREVIATIONS
	LIST OF SYMBOLS
	LIST OF APPENDICES
	CHAPTER 1    INTRODUCTION
	1.1 Research Background
	1.2 Problem Statement
	1.3 Research Objectives
	1.4 Research Scopes
	1.5 Significance of Study
	1.6 Thesis Outline
	1.7 Summary

	CHAPTER 2    LITERATURE REVIEW
	2.1 Antibiotics
	2.1.1 Market and Demand for Antibiotics
	2.1.2 Occurrence and Fate
	2.1.3 Danger of Antibiotics
	2.1.4 Antibiotics Resistance in Malaysia

	2.2 Methods of Antibiotics Removal
	2.2.1 Coagulation-Flocculation
	2.2.2 Biological Treatment
	2.2.3 Membrane Filtration
	2.2.4 Chlorination
	2.2.5 Photolysis
	2.2.6 Ozonation
	2.2.7 Electrochemical
	2.2.8 Fenton Oxidation
	2.2.9 Semiconductor Photocatalysis

	2.3 Batch Adsorption
	2.3.1 Adsorbents
	2.3.2 Isotherm Models
	2.3.3 Kinetic Study
	2.3.4 Thermodynamic Study

	2.4 Continuous Adsorption
	2.4.1 Mathematical Description
	2.4.2 Column Performance
	2.4.3 Breakthrough Models

	2.5 Adsorptive Coagulation-Flocculation (ACF)
	2.6 Zeolites
	2.6.1 Natural Zeolites
	2.6.2 Synthetic Zeolites
	2.6.3 Modified Zeolites

	2.7 Nanoscale Zero Valence Iron (NI)
	2.7.1 NI as a Remediating Agent
	2.7.2 Impregnation of NI onto Supporting Materials

	2.8 Summary

	CHAPTER 3    MATERIALS AND METHODS
	3.1 Introduction
	3.2 Materials and Chemicals
	3.2.1 Antibiotics
	3.2.2 Preparation of Simulated Wastewater

	3.3 Experiment Procedures
	3.3.1 Adsorbents Preparation
	3.3.2 Batch Adsorption
	3.3.3 Column Study
	3.3.4 Adsorptive Coagulation-Flocculation
	3.3.5 Isotherm Study
	3.3.6 Kinetic Study

	3.4 Characterisation of Adsorbents
	3.4.1 Surface Study
	3.4.2 Structural Analysis
	3.4.3 Mineralogy Study
	3.4.4 Elemental Composition Determination
	3.4.5 Functional Groups Determination
	3.4.6 Determination of pH at Point Zero Charge

	3.5 Analytical Procedures
	3.5.1 Antibiotics Concentration Measurement
	3.5.2 pH Measurement
	3.5.3 Turbidity Measurement


	CHAPTER 4    RESULTS AND DISCUSSION
	4.1 Introduction
	4.2 Modified Natural Zeolites Characterisations
	4.2.1 Surface Morphology
	4.2.2 Physical Properties
	4.2.3 Chemical Properties
	4.2.4 Tetracycline and Oxytetracycline Adsorption Capacity Determination

	4.3 Batch Antibiotics Removal-Parameter Study
	4.3.1 Effect of Contact Time
	4.3.2 Effect of Initial pH
	4.3.3 Effect of Dosage
	4.3.4 Effect of Temperature
	4.3.5 Effect of Initial Concentration of Antibiotics
	4.3.6 Isotherm Studies
	4.3.7 Kinetic Studies
	4.3.8 Mechanism of Removal
	4.3.9 Performance Evaluation

	4.4 Continuous Process of Antibiotic Removal
	4.4.1 Effect of Initial Concentration of TC
	4.4.2 Effect of Bed Height
	4.4.3 Effect of Flow Rate
	4.4.4 Kinetic Model Analysis
	4.4.5 Fixed-Bed Breakthrough Model Analysis

	4.5 Adsorptive Coagulation-Flocculation Antibiotic Removal
	4.5.1 Effect of Initial pH
	4.5.2 Effect of Adsorbent Dosage
	4.5.3 Effect of Flocculation Time
	4.5.4 Kinetic Model Analysis
	4.5.5 Effect of Initial Concentration of TC
	4.5.6 Isotherm Model Analysis
	4.5.7 Mechanism of Removal via ACF

	4.6 Summary

	CHAPTER 5    CONCLUSIONS AND RECOMMENDATIONS
	5.1 Conclusion
	5.2 Recommendations for Future Research

	REFERENCES
	LIST OF PUBLICATIONS



