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Abstract 

 

The present study focused on green method of magnetite (Fe3O4) synthesis and its 

efficiency for removal of levofloxacin. The removal of levofloxacin onto the surface of 

green synthesized iron oxide nanoparticles (gINPs) was investigated in terms of 

adsorption capacity and removal efficiency for adsorbent dosage, adsorbate initial 

concentration, pH, temperature and contact time. The data obtained was fitted to kinetic 

and isotherm models to determine the mechanism. The adsorbent magnetite 

nanoparticles (Fe3O4) were synthesized by green synthesis using Moringa olifera and 

coprecipitation method. The characterization analyses of both green and chemically 

synthesized nanoparticles were performed by SEM, XRD, and FTIR. Both types of 

nanoparticles were found as magnetite (Fe3O4) with spherical shape. The average 

crystallite size of gINPs was 14.3 nm which conforms with the particle size determined 

from SEM Images. Batch adsorption experiments were conducted to study the 

adsorption kinetics and isotherm on gINPs, and samples were analyzed on High-

Performance Liquid Chromatography (HPLC) at 280 nm. The results showed that 

86.15% removal efficiency of levofloxacin was achieved using gINPs at optimal 

contact time i.e., 24 h when all other parameters were constant. Moreover, using 

different initial concentrations of levofloxacin, highest adsorption capacities obtained 

were 22.47 to 26.63 mg/g when the data fitted to Langmuir and Freundlich models, 

respectively. The pseudo-second order model described the adsorption kinetics data, 

fitting better than pseudo-first order with R2 = 0.965, which means that the adsorption 

was chemisorption, exothermic and spontaneous. In addition, isotherm data obeyed 

Freundlich efficiently compared to the Langmuir isotherm with R2 = 0.994 which 

means the adsorption was multilayer, and surface of adsorbent was heterogenous and 

non-uniform. The maximum adsorption capacity and removal efficiency were also 

achieved at pH 7 and 25°C for different levofloxacin concentrations. The potential 

pathway for levofloxacin’ removal determined was chemisorption, spontaneous and 

exothermic onto the gINPs.  

 

 

 



1 

 

Chapter 1 

Introduction 

1.1. Background 

Rapid globalization, industrialization and urbanization have led to advancement in 

human society and their associated environmental problems. Environmental problems 

which have attracted more attention worldwide in 21st century are water, soil and air 

pollution along with climate change (Yu et al., 2016; Wu, 2017). But since last decade, 

major environmental concern is water pollution with emerging environmental 

contaminants due to their potential to cause detrimental effects on public health and 

ecosystem. Among these contaminants, pharmaceutical products and their residues got 

more attention as they are biologically active compounds with low biodegradability and 

mainly increased the waste treatment and disposal problem (Guo et al., 2020). 

Pharmaceutical industries designed antibiotics for bacterial control in humans and 

animals. Antibiotics are extensively being used in aquaculture, agriculture and livestock 

industry as growth promoters and for clinical therapy (Tan et al., 2017). Consequently, 

antibiotics occurrence in water and wastewater widely reported in many countries. 

Antibiotics have various potential risks directly and indirectly. Directly the antibiotics 

have acute toxic effect on creatures and indirectly have most serious risk, which is 

potential, chronic antibacterial resistance. Antibacterial resistance means antibiotics 

gradually become ineffective against disease resistance (Deegan et al., 2011). 

Manufacturing industries and wastewater are adding antibiotic residues from human, 

livestock, aquacultures and agriculture usage into environment (Da’na et al., 2018). 

1.2. Consumption Pattern of Antibiotics   

Tracking antibiotic consumption pattern over time give its trends and drivers. 

Antibiotics extensively used for human and animal health and as growth promoters for 

animals and plants (Dorival-García et al., 2013). World Health Organization (WHO) 

reported that antibiotic global consumption rate from 2000 to 2015 rose by 65% and 

Defined Daily Doses (DDD) were 34.8 billion. Consumption rate in high income 

countries was lower than low and middle- income countries, however this data was 

based on only 76 countries and it included only those which humans consumes but not 

those which are consumed in animals for disease diagnosis, promoting growth, used for 
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growth of plants, excreted in municipal wastewater and residues in pharmaceutical 

wastewater (Klein et al., 2018).  

Pakistan has growing pharmaceutical industry. There are 759 manufacturing units 

including 25 multinational companies in Pakistan which fulfilled 80% need of county 

and 20% is covered by imports (pbs.gov.pk). There are 5000 registered drugs in 

Pakistan and growth volume is 17% per year. Pakistan local consumption off 

pharmaceuticals is US$1 billion (TRTA II Programme: Extended - TRTA Pakistan, 

2020). The pharmaceutical industry imports almost 91% of all raw materials. The local 

raw material availability is restricted to followings: Amoxicillin, Ampicillin, 

Ciprofloxacin, Ofloxacin, Cephalexin, Cefradine, Cloxacillin, Ephedrine, Cephalexin, 

Cefradine, Cloxacillin, Ephedrine, Parabinez, Piperazine, Pyrazinamide, Cefixime, 

Cefadroxil, Cephalexin, Norfloxacillin, Santonin and Flucloxacillin. These raw 

materials do not meet the needs and major portion of standards is still imported 

(PPMA/Pharma Bureau-OCCI). Such large consumption and no legislation regarding 

their production, utilization and discharge led to substantial release of these compounds 

into environment.  

1.3. Antibiotics Fate and Environmental Threat 

Antibiotics enter the environment by numerous ways. The main sources of antibiotics 

contamination are pharmaceutical manufacturing plants, hospitals, wastewater 

treatment plants, aquacultures, agriculture, landfills, and private households. Municipal 

wastewater is the most common route of entry (Figure 1.1) (Arshad and Zafar, 2020; 

Mohapatra et al., 2016). The dose given to humans and animals remains 30% to 90% 

un-degradable and excreted in active forms (Pouretedal and Sadegh, 2014). These 

antibiotics end up in soil and surface water (Yu et al., 2016) by manure applications 

(Moraru et al., 2012) as it contains high amount of nitrogen and phosphorus nutrients 

(Bolan et al., 2010), reclaimed wastewater used for irrigation of agricultural land, 

(Kumar et al., 2005; Gulkowska et al., 2008), grazing animals and ultimately in surface 

water and then drinking water (Sim et al., 2011). 

Excessive release of antibiotics in environment poses serious threat which is not yet 

recognized by the world. Major threat is that antibiotics with time lose power on 

diseases as bacteria become resistant to them and it is difficult to overcome (Rehman 

et al., 2015). From soil and use of reclaimed wastewater for agriculture, these 

antibiotics uptake by plants and may affect their physiology and growth (Leng et al., 
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2020). Animals and birds do grazing on those plants and may be damaged as in past a 

drug Diclofenac sodium which have antimicrobial effect linked with renal failure of 

vultures and contributed more than 95% decline in its population in South Asia 

(Lonappan et al., 2016; Fan et al., 2020).  From wastewater treatment plants, soil, 

agriculture, aquacultures, municipals and groundwater, it goes to surface water (Pina et 

al., 2020) and used for various purposes like agriculture and drinking purpose where it 

can cause serious diseases in animals and humans like methemoglobinemia, 

dysbacteriosis and even kidney damage (Rodríguez et al., 2020). It also disturbs aquatic 

ecosystem (Rodriguez-Mozaz et al., 2015).  

 

 

                  Figure 1.1. Occurrence and pathways of antibiotics in the 

environment 
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1.4. Antibiotics Removal  

It is an emerging challenge for wastewater industry to remove antibiotics. Some recent 

scientific studies have been conducted and applied different treatment methods on 

antibiotic containing wastewater which ranges from biological to physical methods 

(Phoon et al., 2020), single unit to combined system and adsorption to oxidation but 

currently, relevant data is very limited to generate common treatment method for 

antibiotic containing wastewater (Yan et al., 2017; Sabri et al., 2020). 

For antibiotics removal, adsorption is considered as the most fitted method because of 

availability of high range of adsorbents, high efficiency in less time and cost-

effectiveness (El-Maraghy  et al., 2020). As compared to other adsorbents magnetite 

nanoparticles has gained great attention in environmental remediation due to favorable 

properties for adsorption as it has high adsorption ability, easy preparation, enough 

stability, convenient operation, large surface area, facile recycling and biological 

sources (Ali et al., 2020; Zhang et al., 2020). Magnetite increases remediation 

efficiency as it carryout reactions on core and its shell at a time (Demirezen et.,  2019).  

Magnetite can be made from various methods but green synthesis from plants, algae, 

fungi and bacteria can also be used for production of iron oxide nanoparticles. It is 

ecofriendly, energy efficient, low cost method and also reduces negative effect of 

chemical synthesis (Lin et al., 2020; Weng et al., 2020; Wu et al., 2020). Moringa 

olifera is the major crop of Africa and Asia and belongs to family Moringaacea. 

Moringa olifera leaves have high content of carbohydrates, polyphenols, flavonoids, 

tannins and antioxidant compounds (Sreelatha and Padma, 2009; Saini et  al., 2016). 

The goal of the current study was to synthesize iron oxide nanoparticles and testing its 

ability and efficiency to remove levofloxacin antibiotic from wastewater.  

1.5. Objectives of the Study 

The main objectives of the present study were: 

i. Green synthesis of iron oxide (Fe3O4) nanoparticles and their characterization 

ii. Potential of green synthesized Fe3O4 nanoparticles for removal of selected antibiotic 

from wastewater.  

iii. Understanding the primary mechanism of antibiotics removal. 

1.6. Scope of Study 

Antibiotics are being used in large quantities for humans, animals, agriculture, and 

aquaculture worldwide. Antibiotics in water promote spread of resistance in bacteria, 
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pose significant risk to human health and disturb ecosystems upon entry into food 

chain. The antibiotics in water may kill beneficial bacteria in surface and subsurface 

water. Therefore, scope of this study was to develop antibiotics’ removal method for 

antibiotics-bearing wastewater. 
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Chapter 2 

Review of Literature 

2.1. Emerging Environmental Contaminants 

Emerging contaminants (ECs) are referred as group of pollutants which are highly toxic 

even at low concentration. These contaminants because of their peculiar behavior have 

gained more attention all over the world (Cheng et al., 2021). These are predominantly 

unregulated chemicals mostly contributed by anthropogenic sources and become part 

of water, air, soil, food. Emerging compounds are not easy to degrade because of their 

high persistence in environment. They have long retention time. Important types of ECs 

range from pharmaceuticals, surfactants, plasticizers, pesticides, and personal care 

products (Rout et al., 2021).  

2.2. Pharmaceutical compounds 

Pharmaceutical compounds have controlled production and utilization. There is no 

proper mechanism available for the disposal of these compounds. Antibiotics are 

considered as one of the important class of pharmaceutical compounds because of 

different characteristics including partial metabolism, persistent nature, and easy 

translocation (Pathak et al., 2020).  

2.3. Antibiotics 

Antibiotics are used to eliminate or degrade the progress of microbes. These are derived 

from the bacterium with high resistance against the microorganisms as special 

secondary metabolites. Several classes of antibiotics exist like Fluoroquinolones, β-

lactams, Sulfonamides, and Tetracyclines, etc. (Walsh, 2003). Fluroquinolones are 

widely used in Pakistan and removal of one of the antibiotics of this class has been 

studied. These antibiotics are used against the infection induced by E. coli, Salmonella 

and Campylobacter. Fluroquinolones are used in various industries including 

agriculture, aquaculture, medicine and poultry. Ofloxacin and levofloxacin are some 

common examples of Fluroquinolones. Since 2005, production and export of 

Fluroquinolones for the sake of poultry related uses is prohibited in Australia, America, 

Denmark and Sweden (WHO, 2013). Figure 2.1 describes the general structure of 

Fluoroquinolones. Aromatic ring, hydroxyl group and carbonyl group replace the R1 

and R2 present in the structure of Fluroquinolones. Levofloxacin is an isomer of 

ofloxacin (Mouzam et al., 2011). Levofloxacin can be used effectively for the treatment 
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of both Gram positive and Gram-negative bacteria. Levofloxacin is from the third 

generation of fluoroquinolones.  

 

 

Figure 2.1. General Structure of Fluoroquinolones 

 

2.4. Antibiotics as pollutant in Environment 

Antibiotics are used at broader spectrum so there are various potential sources which 

may introduce antibiotics into the environment. These sectors are hospitals, agriculture, 

livestock and aquaculture, pharmaceutical plants, and animals’ farms. Antibiotics 

display various pathways and translocation patterns to enter the environment. They 

become part of groundwater and freshwater. Ultimately this waster is used for drinking 

and irrigation purposes as shown in Figure 1.1 (Arshad and Zafar, 2020). Activated 

sludge is used as a wastewater treatment process but it cannot be used for the removal 

of antibiotics because of its low efficiency for antibiotics removal. Antibiotics cannot 

break down in bodies of humans and animals. Discharge of antibiotics into the 

ecosystem is the ultimate fate and emerging environmental problem of time as well 

(Gao et al., 2015). Different types of wastewaters contaminated with antibiotics are 

mentioned in below. 

2.4.1. Pharmaceutical industry wastewater 

Wastewater with excessive number of organic materials and antibiotics compounds and 

other toxic compounds is stated as pharmaceutical wastewater. Approximately 1 ton of 

antibiotic residues generate antibiotic wastewater within the range of 150-200 m3 (Ji et 

al., 2013). China is one of the bigger consumers and producers of antibiotics at the same 

time. In 2009, annual export of antibiotics was around 2.5 million whereas production 

was worth of 14.7 million. For the same year, global production of antibiotics was 20 

million (Guo et al., 2012). Yang et al. (1997) stated that accumulation and distribution 

of antibiotics in water cycle is because of manufacturing processes. Strong color, smell 

Levofloxacin: 

R1 = aromatic ring with  

          carbonyl group, 

 R2 = Hydroxy group 
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and large variation in both quality and quantity of wastewater occur. Antibiotics lower 

the pH of wastewater. Other attributes of manufactured wastewater include high 

suspended solids and high COD level i.e., 500-25,000 and 10,000-80,000 mg/L, 

respectively. More detail is given in the table 2.1.       

 

Table 2.1. Pharmaceutical industry wastewater characteristics (unit: mg/L) 

Antibiotic Production Process COD Antibiotic Residue 

Tetracycline Extraction 20,000 1500 

Oxyletracycoine Crystallization 10,000-35,000 1000 

Lincomycin Solvent recovery 15,000-20,000 50-100 

Ofloxacin - - 110 

Kanamycin Extraction 25,000-30,000 80 

Ampicillin Solvent Recovery 5000-70,000 
0.54 % (Open 

ring) 

(Brown et al., 2006; Yang et al., 1997) 

India has a significant role in the production of antibiotics all over the world, as an 

important antibiotic’s producer. High concentration of ciprofloxacin i.e., 31 mg/L was 

found in the effluents of drug manufacturer industry in India (Fick et al., 2009). 

 

2.4.2. Wastewater Treatment Plants (WWTPs) 

Antibiotics released from the hospital wastewater and manufacturing units are diluted 

when mixed with municipal waste. High concentration of ciprofloxacin i.e., 14 mg/ L 

emitting from a drug manufacturer plant in India has been found (Fick et al., 2009). 

Table 2.2 shows the antibiotics residues identified in wastewater treatment plants.  
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Table 2.2. Antibiotics reported in WWTPs 

Antibiotic Concentration (µg/L) Reference 

Sulfamethoxazole 0.39,0.31, 1, 1.25,2.8  (Brown et al., 2006; Batt et al., 

2007) 

Ofloxacin 0.47,0.11,0.40,1,0.165 (Brown et al., 2006; Xu et al., 

2007) 

Levofloxacin 0.301 (Yasojima et al., 2006) 

Ciprofloxacin 0.20, 1, 45.0 (Brown et al., 2006; Sim et al., 

2010) 

Trimethoprim 72.85, 0.813 (Segura et al., 2015; Peng et 

al., 2014) 

Tetracycline 1.2  (Karthikeyan and Meyer., 

2006) 

 

 

2.4.3. Hospital wastewater 

Antibiotics from the hospital wastewater are also accumulated into the environment.  

According to a report presented by Dinh et al. (2017), concentration of residual 

antibiotics in the hospital effluents (coming from the hospital) is 3-10 times greater 

compared to the antibiotics present in freshwater and wastewater treatment plants. It 

was assumed that antibiotics present in wastewater have not been mixed with another 

environment. Hospital wastewater was a raw effluent. Higher amount of SMX of 28.36 

μg L−1 have been found by Lee et al. (2016) in hospital wastewater.  Table 2.3. 

demonstrated the different antibiotics reported in the hospital wastewater. 

Table 2.3. Antibiotics reported in hospital wastewater 

Antibiotic Concentration (µg/L) Reference 

Sulfamethoxazole 0.8,2.1,0.4, 28.36 (Brown et al., 2006; Lee et al., 

2016) 

Ampicillin 0.2-80 (Kimosop et al., 2016) 

Azithromycin 4.9 (Aydin et al., 2019) 
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2.4.4. Surface water  

The antibiotics occurrence in the surface water has been widely reported. Table 2.4 

shows the occurrence of antibiotics in different kinds of surface waters around the 

world. 

 

Table 2.4. Antibiotics reported in surface water 

 

Concentration of antibiotics is comparatively high in the proximity of their application 

including animal farms and hospitals. Distribution of antibiotics in freshwater bodies 

and surface water, spatially and temporally is needed to be investigated yet. 

2.5. Scenario of pharmaceutical industry and antibiotic pollution in Pakistan 

Annual increase in growth rate of pharmaceutical industry of Pakistan ranges from 

10%-20% comprising of US$ 4.0 billion approximately. More than 750 pharmaceutical 

formulation units are working in Pakistan now. Different 25 multinational companies 

are also working in Pakistan. Pakistan pharmaceutical industry contributes an export of 

300 million US dollars whereas local industry has the potential to meet 98% demand 

of medicine in the form of finished products. Following table displays the concentration 

of antibiotics reported in the streams of Pakistan.   

 

 

Ciprofloxacin 0.20, 1, 45.0 (Brown et al., 2006; Sim et al., 

2010) 

Trimethoprim 6.65 (Brenner et al., 2010; Peng et 

al., 2014) 

Tetracycline 6-53.17 (Lien et al., 2016) 

Antibiotic Concentration (µg/L) Reference 

Sulfamethoxazole 23.35 (Koreje et al., 2012) 

Erythromycin 1.6 (Yao et al., 2017) 

Enalapril 1.5 (Fick et al., 2019) 

Trimethoprim 13.68 (Zhang et al., 2012) 
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Table 2.5. Antibiotics detected in wastewater streams of Pakistan (Zafar et al., 

2021 & Khan et al., 2013) 

Antibiotic Conc. (mg L−1) 

Erythromycin 0.0011 

Lincomycin 0.0041 

Ciprofloxacin 332.154 

Ofloxacin 2.558 

Levofloxacin 6.63 

Oxytetracycline 0.027 

Trimethoprim 0.028 

Sulfamethoxazole 16.009 

Ampicillin 32.57 

  

It evident from the various studies performed in Pakistan that antibiotics are present in 

different media at various concentrations. In Pakistan poultry meat contained different 

antibiotics namely, amoxicillin, quinolones, and tetracycline, with concentration of 

16.92-152.62, 20-30.81 and 89.2-800 µg kg-1, respectively. A study by Khan et al. 

(2018) projected that antibiotics are presents in almost 38% of 300 raw samples of beef. 

A study was performed for the analysis of milk samples in Sindh, Pakistan. Results 

concluded that 36% samples were confirmed with the presence of beta-lactams whereas 

56% portion of milk was contaminated with amoxicillin and 48% with ampicillin (Khan 

et al., 2018). 

 

2.6. Impacts of antibiotics  

Antibiotics have various ways to enter the environment and concentration of antibiotics 

vary in different compartment of the environment. Impact of antibiotics on the human 

and environmental health is discussed below. 
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▪ Antibiotics cause stress on water resources by exploiting and degrading the 

water quality. 

▪ Sludge is rich in the organic contents and antibiotics piled up in the sludge and 

use as fertilizer to enhance the productivity of crops (Lamastra et., 2018). 

▪ Antibiotics can potentially harm the life of aquatic animals i.e., excess amount 

of antibiotics present in water can kill them. Fish embryo can be harmed till 

death within 24 hours by antibiotics in development phases. These aquatic 

animals when become part of food chain can cause biomagnification and 

bioaccumulation of toxic substances. Contamination of antibiotics in the 

aquatic environment can limit the algal growth (Bielen et al., 2017). 

▪ More than 50% population of world is dependent on the agriculture as their 

source of livelihood. Antibiotics can induce negative impact on the agriculture. 

It can inhibit the potential growth of crops and plants. It does not only degrade 

the quality of food but also reduce the quantity of food. Twenty million hectares 

of land is irrigated with wastewater which comprises 10% of food production 

linked to the one billion people associated with it (Blaire and Laura., 2018). 

▪ Introduction of antibiotics into the environment can alter the microbial 

community and enhance the resistance in the bacteria. Increase in the resistance 

ability of bacteria can directly increase the death rate. It increases the potential 

of health sickness and reduce the effectiveness. Bacteria with more resistance 

are not easy to treat which ultimately expand the survival threat for humans. 

Healthcare cost also upsurges for the treatment (Bielen et al., 2017; UN Report., 

2014).  

2.6. Treatment technologies for antibiotics removal 

Owing to the diversity in physical, chemical and biological attributes of antibiotics, 

it is very difficult to remove them from the aquatic ecosystem. There is no 

treatment technology found for the complete removal of antibiotics yet. However, 

antibiotic-containing wastewater passes through the mechanical, chemical, and 

biological processes in a wastewater treatment plant. Traditional sewage treatment 

plants are not useful for the removal of antibiotic-containing wastewater. Amount 

of antibiotics entered the treatment plant is very high compared to the amount 

remove by the conventional treatment plants (Van Dorslaer et al., 2014). Treatment 

of antibiotics is also difficult to perform because of antimicrobial properties and 
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structure of antibiotics. Three types of treatments used for wastewater and water 

including physical, chemical, and biological. Table 2.4 is about the characteristics, 

advantages, and limitations of biological, physical and chemical treatment 

methods. 

 

Table 2.6. Antibiotics Treatment methods and their limitations 

Treatment Characteristics Advantages Constraints 

Physical Methods 

1. RO 

(Wang et al., 2018) 

Membrane 

technology to force a 

liquid by pressure 

▪ Multibarrier 

approach 

▪ High quality 

effluent 

Only retains 

contaminants 

and cause 

breeching of 

membrane 

2. Microfiltration/ 

Nanofiltration 

(Wang et al., 2018) 

Filtration Suitable for 

limited space & 

high-quality 

effluent 

 

▪ Unsuccessfu

l for AB 

removal 

▪ Expensive 

and energy 

intensive 

3. AC  

(Granzota et al., 

2021) 

Filters and adsorbs 

material applied as 

granular or powdered 

feed  

GAC: steam 

method 

increased the 

adsorption and 

easily recovered 

▪ Proper for 

clean water 

▪ Fed 

continually 

Biological Methods 

1. MBR 

(Wang et.al., 

2018) 

Combine membrane 

technology with AS  

Suitable for 

limited space 

Pollutants 

accumulated in 

brine 

2. SBR 

(Frenandez et al., 

2009) 

AS two or more tanks 

work in sequence  

Process can be 

modified easily 

Shock loads 

effect stability 

3. AS  

(Lofrano et al., 

2017) 

▪ Handled a lot of 

organic waste. 

▪ Microbial 

digestion with 

aeration 

▪ Extensively 

applied. 

▪ Cost-

effective 

Shock loads 

effect stability 
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4. BFR 

(Grandclement et 

al., 2017) 

Material is supported 

by microbes 

Less down time 

and stable 

operation 

Cells build up 

and causes 

blockage 

5. UASBR 

(Arias et al., 

2018) 

Anaerobic stage 

reactor with separate 

methanogenesis & 

acetogenesis  

Less sensitive to 

shock loads and 

variables, No 

mixing 

Antibiotics may 

kill or causes 

resistance in 

bacteria 

Chemical Methods 

1. O3 

(Homem and 

Santos., 2011) 

O3 addition and 

oxidation 

Allows ABs 

mineralization 

but good 

disinfectant 

Expensive and 

energy 

demanding 

2. Chlorination 

(Matamoros and 

Salvado., 2013) 

Chlorine addition 

used for drinking 

water 

Good 

disinfectant 

By-products’ 

formation which 

is linked with 

cancer 

3. Flocculation 

(Matamoros and 

Salvado., 2013) 

Coagulants and 

flocculants added for 

settling of pollutants 

May settle small 

size pollutants 

like hormones 

Expensive and 

not enough 

efficient for 

antibiotics 

4. Per-ozonation 

(Homem and 

Santos., 2011) 

Mixture of H2O2 and 

O3 for oxidation 

More efficient 

than ozonation  

Expensive and 

energy 

demanding 

5. TiO2 

(Xing et al., 

2018) 

Super oxide radical 

and hydroxyl 

generation to react 

with pollutants 

For removal 

fixed to film or 

beads 

Expensive and 

energy 

demanding 

6. Photolysis 

(Xing et al., 

2018) 

Light absorption to 

directly breakdown 

compound 

Inexpensive For sunlight, 

dependent on 

geographical 

area 

7. Photo-Fenton 

(Granzota et al., 

2021) 

OH-generation and 

coupled with UV 

Iron is non-toxic 

and plentiful  

Energy 

demanding and 

iron sludge 

disposal 
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From the above table, it can be concluded that each treatment method has some 

limitations like low efficiency, high cost and energy demanding, etc. and there is need 

of treatment method which should be cost-effective, efficient, less energy demanding 

and environment friendly. Method used in this study is of adsorption by iron oxide 

nanoparticles. 

 

2.8. Iron oxide (Fe3O4) nanoparticles and adsorption mechanism 

 

Magnetite nanoparticles work as reductant and adsorbent for removal of antibiotics as 

the structure of iron oxide nanoparticles consists of two parts namely iron core and 

oxide shell. The removal of antibiotics on iron oxide done by adsorption, precipitation 

on oxide shell and by reduction on iron core. The structure of iron oxide nanoparticles 

is shown in figure 2.2 (Li et al., 2014; Saif et al., 2016). 

 

 

 

 

 

 

 

 

 

 

Figure 2.2.  Structure of Iron oxide nanoparticles and AB removal processes 

 

Adsorption is the process of separation of specific compound between the solid phase 

of adsorbent and liquid phase of adsorbate. For removal of different contaminants, 

adsorption has been applied in previous studies. The maximum efficiency of adsorption 

by specific adsorbate can be determined by changing the adsorbate properties like 

Concentration of adsorbate, pH of adsorbate solution, temperature on which experiment 

would be conducted, pressure and reaction time (Sun et al., 2015; Kovalova et al., 

Reduction Adsorption and 

Precipitation 

Oxide-Shell  
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2013). The mechanism of adsorption mainly involves steric mechanism, equilibrium 

mechanism, and kinetic mechanism. 

 

 

  

Figure 2.3.  Adsorption Elements (Worch, 2012) 

 

Steric mechanism based on the pores of adsorbent as small molecules enter easily but 

large molecules are not allowed by pores. Equilibrium mechanism depends upon the 

affinity of adsorbate and adsorbent. As adsorbent can be applied to different adsorbates, 

the one which have high affinity adsorbed more by the adsorbent and reaches its 

equilibrium point. Kinetic mechanism depends on the bond breakage of adsorbate 

compound and chemical affinity with adsorbent to form bonds. Kinetic mechanism also 

depends on the rate of diffusion of adsorbate into adsorbent pores. Adsorption process 

can be controlled by the time of reaction between adsorbent and adsorbate (DO, 1998; 

Loulidi et al., 2020). Therefore, selection of adsorbent matters a lot for removal of 

pollutants. The mechanism of adsorption is shown in Figure 2.3 (Worch, 2012).   

 

2.9. Nanoparticles’ preparation methods 

There are various methods for the preparation of nanoparticles but in this study, it was 

conducted by two methods namely green synthesis and coprecipitation, a chemical 

method.  

2.9.1. Green Synthesis 

Nanoparticles can be synthesized biologically from plant materials like leaves, pericarp, 

seed and fruit, fungi, microbes, and algae. These biologically synthesized nanoparticles 

are more preferred as they are cheap, environment friendly, safe, and easy to scale up. 

Biologically synthesized nanoparticles are being used in different fields for different 
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purposes (Rana et al., 2020). Biological synthesis of nanoparticles using plant extract 

was firstly reported by Gardea-Torresdey et al. (2003). They prepared silver 

nanoparticles from Alfalfa sprouts. In green synthesis, the plant biomaterial like 

flavonoids, polyphenols, hydroxyl, carboxylic group and terpenoids when react with 

metal ions form nanoparticles by acting as capping, reducing, and stabilizing agents 

(Demirezen et al., 2019; Saleem and Fouda, 2020).  The possible reaction that occurs 

is given below. 

                                                                    

   

  

 

Figure 2.4. Role of plant biomaterial in green synthesis 

Moringa olifera leaves can be used for green synthesis of magnetite nanoparticles as 

Vongask et al. (2013) reported that 100 g of Moringa olifera leaf extract contained 

13.23g of phenolics and 6.20 g phenolics which means that it has good ferric reducing 

power (51.50 mmol FeCl3). It is commonly known as “Drumstick or Horseradish Tree 

and “Sohanjna or Sahajna.”  The scientific classification of Moringa olifera is shown 

in table 2.7.  

 

Table 2.7. Scientific classification of Moringa olifera 

Scientific Classification 

Kingdom Plantae 

Class Tracheophyte 

Order Brassicales 

Family Moringaceae 

Genus Moringa 

Flavonoid

s 

Polyphenols 

Terpenoids 

Reaction with 

Metal ions 

 

MNP 
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Species olifera 

 

It was selected on the basis of following properties. 

▪ Its abundance as it is native to tropical Asia but also adapted in Africa and tropical 

America. 

▪ Indigenous to Pakistan as it is common all over the plains of Punjab, in the foothills 

of Himalayas, and other foothill ranges in the north and west.    

▪ Fast growing and perennial 

▪ Used for different purposes (Orwa et al., 2009).  

   

 

2.9.2. Coprecipitation Method 

It is simple, facile, classical, and convenient method of nanoparticles synthesis. It is 

extensively applied for industrial and research objectives due to its easy operation. In 

this method, precipitation of soluble compounds is conducted for nanoparticles’ 

synthesis. In case of magnetite synthesis, Fe3+ and Fe2+ ions give the following reaction 

in oxygen free environment (Nawaz et al., 2019). 

𝐹𝑒2+ + 3𝐹𝑒3+ + 8𝑂𝐻−  →  𝐹𝑒3𝑂4 + 4𝐻2𝑂            (Equation 2.1.) 

So, coprecipitation method can be used for nanoparticles synthesis but it is totally 

dependent on chemicals, not environment friendly, expensive, and toxic.   

Just to summarize this part of thesis, there are serious concerns about the release of 

antibiotics into the environment. Current treatment methods for wastewater are not 

capable of removing antibiotics fully. Presence of these pollutants is harmful for the 

environment and human health. There is need to develop innovative methods to address 

the problem and control the dissemination antibiotics in the environment.  
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Chapter 3 

Materials and Methods 

The aim of this study was to develop a method for removal of antibiotics (levofloxacin) 

from wastewater/ aqueous solution with the help of iron oxide nanoparticles prepared 

by green synthesis. Even though the concentration of antibiotics detected in 

environment within range of µg L-1 and ng L-1 but their continuous release into 

environment and persistent nature makes them pseudo-persistent pollutants. Chemical 

synthesis of iron oxide nanoparticles was conducted to confirm the green synthesized 

nanoparticles formation and efficiency of green synthesized iron oxide nanoparticles 

was evaluated for levofloxacin removal. The tree of research methodology is presented 

in Figure 3.1. 

 

Figure 3.1. Research methodology tree 
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3.1. Materials and Reagents 

Pure salt of levofloxacin (Levo) was procured from Sigma Aldrich, Germany through 

local vendor. Levofloxacin was selected to represent the Fluoroquinolones, one of the 

most commonly prescribed and reported class of antibiotics in wastewater samples. Its 

chances of release into environment are high due to its high demand and consumption 

pattern. All the chemicals namely ferrous chloride, ferric chloride and NaOH used in 

preparation of nanoparticles were of analytical grade. All the chemicals and reagents 

used in antibiotic analysis on HPLC were of HPLC grade. Distilled water for 

nanoparticles preparation and experimental use was obtained from distillation unit 

available within the laboratory. Syringe filters with pore size 0.25 µm and, disposable 

but sterilized syringes of 3 mL range were used for sample and nanoparticles separation 

where required.   

3.2. Nanoparticles Synthesis 

Iron oxide nanoparticles were prepared by two techniques namely Green Synthesis 

method (using plant leaves) and Coprecipitation method. 

3.2.1. Green Synthesis 

a) Plant leaves collection and extract preparation 

Moringa olifera plant was selected based on its abundance in Asia and its leaves’ 

chemical composition possesses high content of polyphenols and flavonoids. Moringa 

olifera plant fresh leaves were collected from Vehari District of Punjab. First, leaves 

were rinsed with distilled water and air-dried in sunlight. For preparing the leaves 

extract, vegetal material (leaves) and distilled water was adjusted in 20:100 

(weight/volume), respectively. The fresh and finely sliced Moringa leaves were boiled 

for 20 minutes at 70-80°C and 700 rpm on hot plate stirrer. Extract was filtered under 

normal gravity using Whatman No.1 filter paper. Then final volume of extract was 

raised to 100 mL by washing the leaves residue with distilled water and stored for one 

week (Stan et al., 2017).   

 

 

 

   

 

Figure 3.2. Different stages of preparation of Moringa olifera leaf extract 
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b) Synthesis of iron oxide nanoparticles (gINPs) 

For synthesis of gINPs, ferrous and ferric salts of iron were mixed with 1:2, 

respectively. Precisely, 5.3 g of ferric chloride (FeCl3.6H2O) and 2.65 g of ferrous 

chloride (FeCl2.4H2O) were dissolved in 500 mL distilled water at 80°C under mild 

magnetic stirring on hot plate stirrer. After 30 mins, they were dissolved completely, 

and light orange color appeared as shown in Figure 3.3. Then, 25 mL of moringa leaf 

extract was added after 30 mins while stirring on hot plate. Solution turned brownish 

black from orange and after 5 mins, 100 mL of 1M NaOH was added, and black 

precipitates of magnetite (Fe3O4) were formed as shown in Figure 3.3. Further, after 5 

minutes of stirring, solution was removed from hot plate and left for settling down of 

iron oxide nanoparticles precipitates. Black precipitates were washed five to eight times 

and oven dried at 80°C for 8 hours (Demirezen et al., 2019; Stan et al., 2017). Then, 

the precipitates were crushed by pestle and mortal and stored in tightly closed glass jar. 

Magnetite yield by this method was 4.5 g per batch. 

 

 

                                                   

Figure 3.3. Different step in synthesis of gINPs 

 

3.2.2. Chemical Synthesis (Co-precipitation Method) 

Chemical synthesis of magnetite was conducted by co-precipitation method. One molar 

solution of ferric chloride (FeCl3.6H2O) and ferrous chloride (FeCl2.4H2O) were 

prepared by adding 19.8 g and 27.03 g in 100 mL distilled water of both, respectively. 

Then 0.1 M solutions were prepared from 1 M solution. Further process was carried on 

hot plate stirrer. Nitrogen gas was purged in 700 mL distilled water in 1000 mL beaker 

at 25°C and stirring at 200 rpm. After 2 minutes of nitrogen purging, 50, 100 and 70 

mL of 0.1 M ferrous, ferric and 1 M NaOH solution were added, respectively, in 
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presence of nitrogen and stirring till 3 minutes. Solution turned black and precipitates 

were formed when NaOH was added. Black precipitates were washed five to eight 

times with distilled water. While washing, it turned into two layers as particles settled 

down making a layer and other layer was of water which was added for washing. The 

purpose of washing was to remove the NaOH which was added to make precipitates. 

The liquid was removed after each washing and 700 mL additional distilled water was 

added for subsequent washing and particles were oven dried at 80°C for 24 hours in 

hot air oven (Yazdaani and Seddigh., 2018). Magnetite yield by this method was 0.8 g 

per batch. After 24 hours of drying particles were crushed and converted into powder 

form, followed by storage in glass jar for further processing. 

 

 

Figure 3.4. Chemically synthesized nanoparticles 

3.3. Characterization of magnetite Nanoparticles 

Magnetite nanoparticles were characterized by three methods: morphological structure 

was determined by Scanning Electron Microscopy (SEM), crystallinity and phase 

purity by X-Ray Diffraction (XRD) and presence of different functional groups by 

Fourier Transform Infrared Spectroscopy (FTIR). The specifications of sample 

preparations before each characterization and measurements are given below: 

 

3.3.1. Morphological Structure 

The morphological composition of both green and chemically synthesized 

nanoparticles was examined by scanning electron microscope (JSM-6490A, JEOL) 

with accelerating voltage of 10 kV. Sample was prepared by sonication of nanoparticles 

for 30 mins and particles were placed on slide with the help of needle. Before analyzing 

on SEM sample was sputter coated with gold to make it good conductor. 
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3.3.2. X-ray diffraction (XRD) 

Diffraction pattern of prepared magnetite’s was obtained by X-ray diffraction analysis 

(XRD, D 8 Advance Bruker diffractometer) with wavelength 0.15406 nm of Cu- Kα 

radiation (40 mA, 40 KV). Sample analyzed was in powder form. The parameters for 

XRD analysis were: 2-Theta range = 20-80°, Step size = 0.020°, Divergence slit = 0.5° 

and Time/step = 0.2s. The crystallite phase purity was assessed and through its pattern, 

crystallite size was calculated using Scherer equation (Equation 1). The XRD data was 

manipulated by Match software and Origin Lab. 

𝑳 =  
𝒌𝝀

𝜷𝒄𝒐𝒔𝜽
                 (Equation 1)        

Where: 

L = Average crystallite size (nm) 

K = 0.891 is crystallite shape factor 

λ = 0.15406 is wavelength of X-ray (nm) 

β = Full Width Half Maximum (FWHM) (radians) 

θ = Diffraction angle 

 

3.3.3. Fourier transform infrared spectroscopy (FTIR) 

Fourier-transform infrared spectroscopy (FTIR) spectra of prepared samples were 

obtained by an infrared spectrum optical instrument - JASCO 6100 FTIR spectrometer. 

The technique used for sample preparation was KBr method (KBr disc) and measured 

at 4000 to 400 cm-1 scale range. The nanoparticles sample analyzed was in solid form, 

sample pellets were prepared by blending the sample with potassium bromide (KBr) 

with 1:200 (w/w) ratio, respectively. The total scans in scanned sample were 32 cm-1 

and ranged 4 cm-1. The FTIR spectra of both green and chemically synthesized 

nanoparticles was combined using origin Lab.  

 

3.4. HPLC Protocol and Development of standard curve 

Antibiotic (levofloxacin) analysis was performed by Agilent 1260 Infinity II LC system 

(High Performance Liquid Chromatography HPLC). It is equipped with auto sampler 

for auto injection, diode array detector and quaternary pump. Chromatographic 

separation was carried out with Eclipse (4.6 × 250 mm) C18, 5 µm analytical column. 

Mobile phase used was of acetonitrile and 1% formic acid with the ratio of 16:84, 
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respectively (Zafar et al., 2021). The measured pH of mobile phase was 4.9. The 

prepared mobile phase was sonicated for 30 mins at ambient temperature and then 

sterilized cellulose nitrate filter paper of 0.45 µm was used to filter it. For sample 

analysis, HPLC optimum conditions were as follow: 20 µL of antibiotic sample was 

injected via HPLC column with 1 mL per min flow rate. Column temperature was set 

to “not controlled” and it was around 35°C. Compound in sample was detected at 280 

nm using DAD detector. Column washing using methanol and procedural blanks was 

performed on regular basis. 

 

 

Figure 3.5. HPLC (Agilent 1260 Infinity II LC System) 

 

For development of standard curve of levofloxacin, four standards of different 

concentration (10, 20, 30 and 40 mg/L) were prepared. All concentrations were 

analyzed at least for three time on HPLC to verify stability of retention time, peak area, 

as well as system. The single sharp peak of levofloxacin in chromatogram attributed to 

the purity of antibiotic. In case of levofloxacin, the retention time was 7.22 and sample 

run time was 10 min. Calibration curve was generated via plotting the peak area against 

concentration. Experimental samples were analyzed in duplicate, and their 

concentration was calculated using the trendline equation obtained from calibration 

curve. 

 

3.5. Adsorption Batch Experiments 
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Antibiotic (levofloxacin) removal potential of iron oxide nanoparticles (gINPs) was 

assessed through batch experimental technique. Batch experiments were performed to 

reveal the effect of magnetite dosage, solution initial concentration, pH, temperature, 

and reaction time. Adsorption mechanism was determined by conducting Kinetic and 

Isotherm experiments. The detail methodology of independent experiment is given 

below. 

 

3.5.1. Effect of magnetite dosage                                                                                 

 Levofloxacin solution of 4 mg/L concentration having pH 6.45 (original solution pH) 

was prepared in distilled water. In order to find the optimum dose, five different 

adsorbent doses 0.005, 0.025, 0.050, 0.075 and 0.10 g L-1 were selected on the basis of 

literature. Each dose was added in different conical flasks containing 80 mL solution 

of 4 mg/L concentration. The flasks were placed in shaking incubator (LSI- 3016R, 

Korea) for 24 hours to ensure that equilibrium was attained, at 25 °C temperature and 

150 rpm. After 24 hours 20 mL sample was collected with the help of syringe and 

nanoparticles were separated by external magnetic field, then passed through 0.25 µm 

syringe filter before injecting in HPLC vial for analysis and storage. For sample 

antibiotic (levofloxacin) concentration peak area obtained was calculated by using 

trendline equation obtained from standard curve. The removal efficiency and 

adsorption capacity were calculated for each sample. 

3.5.2. Effect of adsorbate initial concentration 

Five different initial concentrations of adsorbate were used to determine their effect on 

levofloxacin removal. Precisely, 4, 8, 12, 16 and 24 mg/L concentrations were prepared 

in distilled water. The adsorbent dose applied was the optimum dose (0.1 g/L) obtained 

from the dosage experiment. The experiment was conducted for 24 hrs in shaking 

incubator at 150 rpm and 25 °C. Sample was collected after 24 hrs, separated from 

nanoparticles, and passed through syringe filters before analyzing on HPLC.  

3.5.3. Effect of solution initial pH 

Solution initial pH effect was revealed by applying seven different pH of levofloxacin 

solutions. Solution pH was varied from 4 to 10 and different pH was adjusted with 0.1 

M HCl and 0.1 M NaOH solutions. The pH was measured by multimeter (WA-2015) 

Taiwan. The adsorbent dosage and antibiotic (levofloxacin) initial concentration 
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applied was optimal. Experiment was conducted for 24 hrs in shaking incubator at 150 

rpm and 25 °C. After 24 hrs, sample was collected, separated and analyzed. 

3.5.4. Effect of Temperature 

To determine the temperature effect four different temperatures 20, 25, 30 and 35 °C 

were selected whereas antibiotic (levofloxacin) initial concentration was 4 mg/L and 

adsorbent dosage applied was optimum. pH of the solution was maintained at which 

maximum removal efficiency was achieved. The experiment was conducted for 24 hrs 

at shaking speed of 150 rpm. Sample was collected after 24 hrs, separated, and 

analyzed. 

 

3.5.5. Effect of contact time 

To determine the reaction time effect, experiment was conducted for 24 hrs but sample 

was collected at time interval of 5, 10, 20, 40, 60, 120, 240 and 1440 mins.       

The concentration of levofloxacin, adsorbent dosage, pH, temperature and shaking 

speed applied were 4 mg/L, 0.1 (g/L), 7, 25°C and 150 rpm, respectively. All samples 

were separated from magnetite nanoparticles using magnet and 0.25 µm syringe filters. 

 

 3.5.6. Adsorption Kinetics 

To examine the kinetics of levofloxacin removal the adsorbent mass was calculated 

according to levofloxacin solution and obtained optimum dose. The adsorbent mass 

calculated was used as dosage in this experiment. The 500 mL antibiotic (levofloxacin) 

solution was prepared of 4 mg/ L concentration. 500 mL levofloxacin solution was 

particularly prepared to lessen the effect of sampling volume. Other experimental 

conditions remained the same as pH7, shaking speed, temperature was adjusted at, 150 

rpm, 25 °C and experiment was conducted for 24 hours. Samples were collected at 

various time intervals (5, 10, 20, 40, 60, 120, 240 and 1440 mins). Samples were 

collected, separated, and analyzed by HPLC.   

3.5.7. Adsorption isotherm 

Adsorption isotherm of levofloxacin removal was determined by conducting 

experiments using six different concentrations of levofloxacin in line segment of 4 to 

24 (4, 8, 12, 16, 20 and 24 mg/L). Other parameters such as dose, pH, and temperature 

applied were optimal ones. The pH was maintained with 0.1 M HCl and 0.1 NaOH. 

The experiment was conducted for 24 hrs at 150 rpm and sample was collected after 24 
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hrs. Before analyzing on HPLC, sample was separated from nanoparticles using magnet 

and 0.25 µm syringe filters. 

 

3.6. Statistical Analysis 

For data analysis, removal efficiency and adsorption capacity were analyzed by the 

following equations (2) (Aydin et al., 2019) and (3) (Zhang et al., 2016), respectively. 

 

𝑹𝒆𝒎𝒐𝒗𝒂𝒍 𝒆𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒄𝒚 (%) =  
𝑪𝟎−𝑪𝒆

𝑪𝟎
 × 𝟏𝟎𝟎                      Equation (2) 

 

𝑸𝒆 = (𝑪𝟎 − 𝑪𝒆) × 
𝒗𝒐𝒍𝒖𝒎𝒆 𝒐𝒇 𝒔𝒐𝒍𝒖𝒕𝒊𝒐𝒏

𝒎𝒂𝒔𝒔 𝒐𝒇 𝒂𝒅𝒔𝒐𝒓𝒃𝒆𝒏𝒕
                       Equation (3) 

Where: 

C0 = Initial concentration of antibiotic (mg/L) 

Ce = Equilibrium concentration of antibiotic (mg/L) 

Qe = Adsorption capacity (mg/g) 

 

Adsorption capacity is the antibiotic amount adsorbed on the magnetite. 

In the kinetic study, antibiotic adsorbed amount was calculated by using equation (4) 

(Altaf et al., 2021). 

 

𝑸𝒕 =  
(𝑪𝟎−𝑪𝒕) ×𝑽

𝑴
                                                                   Equation (4) 

 

Where: 

Qt = Adsorbed amount of antibiotic (mg/g) 

C0 = initial concentration of antibiotic (mg/L) 

Ct = Concentration of antibiotic at time t (mg/L) 

V = Volume of antibiotic solution (mL) 

M = Adsorbent mass (g)  

To investigate the kinetic mechanism behind the removal of antibiotics, results obtained 

from kinetic experiment were further analyzed via fitting of two models through 

equation (5) (Weber and Morris., 1963) and (6) (Ho and Mckay, 1999). 
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▪ Pseudo first-order model: 

𝒍𝒏(𝑸𝒆 − 𝑸𝒕) = 𝒍𝒏𝑸𝒆 − 𝑲𝟏𝒕                                          Equation (5) 

 

1. Pseudo second-order model: 

𝒕

𝑸𝒕
=  

𝟏

𝑲𝟐𝑸𝒆
𝟐 +  

𝒕

𝑸𝒆
                                                      Equation (6) 

 

Where: 

K1 = pseudo first order rate constant (mg/L. min) 

K2 = pseudo second order rate constant (mg/L. min) 

 

The value of Qe and K were calculated from the slope and intercept of the plotted 

straight line of both models, respectively (Yoon et al., 2014).  

 

To determine mechanism of adsorption isotherm, the isotherm experiment data was 

analyzed by fitting of two isotherm models namely, Langmuir and Freundlich model 

using equation (7) (Langmuir., 1916; Hatt et al., 2013) and (9) (Gupta et al., 2010). 

Langmuir constant for separation factor was calculated by equation (Stan et al., 2017). 

2. Langmuir model:   

     
𝑪𝒆

𝑸𝒆
=  

𝟏

(𝑸𝒎𝒂𝒙 ×𝑲𝑳)
+  

𝑪𝒆

𝑸𝒎𝒂𝒙
                                                 Equation (7) 

Where: 

Qmax = Maximum adsorption capacity (mg/g) 

 KL = Langmuir constant for adsorption energy and adsorption capacity. 

      𝑹𝑳 =  
𝟏

𝟏+𝑲𝑳𝑪𝟎
                                                          Equation (8)  

RL = Langmuir constant for separation factor  

3. Freundlich model 

𝐥𝐨𝐠 𝑸𝒆 = 𝐥𝐨𝐠 𝑲𝒇 + (
𝟏

𝒏
) 𝐥𝐨𝐠 𝑪𝒆                                           Equation (9) 

Kf = Freundlich constant for adsorption capacity (mg/L) 

n = Freundlich constant for intensity of adsorption 

All statistical analysis was conducted using Microsoft Excel, Origin Lab 9.65, SPSS.  
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Chapter 4 

Results and Discussion 

 

4.1.  Magnetite nanoparticles synthesis and characterization 

Characterization comparison of both green and chemically synthesized iron oxide 

nanoparticles confirmed that there was no major difference between green and 

chemically synthesized magnetite. Nanoparticles’ yield was higher by green synthesis 

as it was 4.5 g per batch as compared to coprecipitation method which yielded 0.8 g 

per batch. The characterization results in detail are given below. 

 

4.1.1. Morphological structure 

Morphological structure of prepared magnetite was determined using SEM as shown in 

Figure 4.1 and 4.2. Some irregular, spherical, and polyhedral particles can be observed 

in SEM images of both chemically and gINPs. In green synthesis, it is ascribed to the 

polyphenols’ presence on nanoparticles surface and magnetism reduction degree on 

their surface (Babuponnusami and Muthukumar., 2012; Kuang et al., 2013). 

 

 

 

 

 

 

 

                                                              

 

 

Figure 4.1. SEM images of green synthesized magnetite nanoparticles (gINPs) 
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Figure 4.2. SEM images of chemically synthesized magnetite nanoparticles  

 

4.1.2. XRD Analysis 

In this study, purpose of XRD analysis was to scrutinize the crystallinity, phase purity 

and crystallite size. The crystalline structure of prepared magnetite is demonstrated in 

Figure 4.3. Characteristic peaks of green synthesized magnetite were described by 

18.2°, 30.07°, 35.5°, 43.05°, 53.4°, 56.9° and 62.5° and these were same in chemically 

synthesized magnetite. Yazdani and Seddigh et al. (2016) reported the same 

characteristic peaks in magnetite synthesized by coprecipitation method. In the current 

study, the magnetite (Fe3O4) was existed as confirmed by the XRD spectrum and 

characteristics peaks. When XRD pattern was analyzed on Match (XRD analysis 

software), its spectrum matched with magnetite and its PDF number is given in Figure 

4.3. Using the XRD spectrum crystallite size was calculated which shows that average 

crystallite size of gINPs was 14.34 nm and chemically synthesized was of 18.93 nm. 

Crystallite size conforms with particle size obtained using SEM. The data related to 

crystallite size calculations is given in Table 4.1 and 4.2. 

Table 4.1. Crystallite size of gINPs 

FWHM 
Peak 

Positions 

Crystallite Size 

(D) 

Average Crystallite 

Size (D) (nm) 

14.96 30.7 5.50 

14.34 6.96 35.3 11.97 

9.91 42.9 8.60 
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5.50 53.3 16.13 

2.30 57.2 39.28 

20.38 62.2 4.55 

   

Table 4.2. Crystallite size of chemically synthesized nanoparticles (CINPs) 

FWHM Peak Position 
Crystallite Size 

(D) 

Average Crystallite 

Size (D) (nm) 

6.95 30.4 11.82 

18.93 

2.71 35.6 30.71 

9.28 43.2 9.20 

6.36 53.3 13.97 

5.68 56.4 15.85 

2.90 62.7 32.04 

 

 

            Figure 4.3. XRD pattern of magnetite nanoparticles  
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4.1.3. Fourier transform infrared (FTIR) spectra 

FTIR spectra of prepared magnetite is illustrated in Figure 4.4. FTIR result showed 

similar spectra and functional groups in both green and chemically synthesized 

nanoparticles. The functional groups existed on particles surface are given with 

frequencies for green and chemically synthesized particles in Tables 4.3 and 4.4, 

respectively.     

 

Figure 4.4. FTIR spectra of magnetite nanoparticles  

The magnetite nanoparticles can be characterized by the bands; both 434.4 cm-1 and 

443.6 cm-1 (magnetite) and 1345.5 cm-1 (maghemite) (Demirezen et al., 2019; Mazzetti 

and Thistlethwaite., 2002). Das et al. (2014) reported that the occurrence of magnetite 

can be recognized by the strong absorption band (434.4 cm-1) and it correspond to the 

Fe-O stretching band of bulk magnetite (Fe3O4). Band 1615.2 cm-1 indicated the 

presence of flavonoids as Pompeu et al. (2018) reported that it is epicatechin which 

belong to flavonoid class. The band 3391.1 cm-1 also showed the O-H stretch which 

indicates the presence of polyphenols. These flavonoids and polyphenols must had 

contributed to the preparation of nanoparticles as may be these were found in Moringa 

olifera leaves.   
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Table 4.3. FTIR spectral bands of gINPs 

Frequency 

(cm-1) 
Bond Functional Group 

3391.1 O-H Alcohols, Phenols 

2085.5 C≡C Alkynes 

1615.2 O-H Flavonoid 

1345.5 Fe-O Maghemite 

434.4 Fe-O Magnetite 

 

Table 4.4. FTIR spectral bands of CINPs 

Frequency 

(cm-1) 
Bond Functional Group 

3399.1 O-H Alcohol 

2075.8 C=C Aromatic Comp. 

1573.9 O-H water 

1322.0 O-H Water 

443.6 Fe-O Magnetite 

 

4.2.  Development of calibration curve 

Different solutions of levofloxacin 10, 20, 30 and 40 mg/L were analyzed on HPLC at 

280 nm, which gave the peak area of 465.51, 1190.43, 1763.59 and 2001.88, 

respectively. The standard curve was obtained with the R2 of 0.9783. The sharp peaks 

of levofloxacin in chromatogram indicate its purity and retention time was 7.22 at 280 

nm.  The standard curve of levofloxacin with trendline equation is given in Figure 4.5. 

This trendline equation was used to determine experimental samples’ concentration. 
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Figure 4.5. Levofloxacin calibration curve 

 

4.3. Adsorption Experiments 

Removal of levofloxacin was conducted in batch experiments at different conditions. 

Removal efficiency and adsorption capacity were calculated for levofloxacin removal 

under different conditions by gINPs using equation (2) and (3), respectively. 

 

4.3.1. Effect of Magnetite Dosage 

Adsorbent dosage effect on levofloxacin removal efficiency and adsorption capacity 

was observed as shown in Figure 4.6. The removal efficiencies of levofloxacin attained 

were 9.15, 10.95, 18.65, 22.56 and 81.07% at magnetite dosage of 0.005, 0.025, 0.050, 

0.075, and 0.10 g L-1, respectively. With increase of adsorbent dosage, there was 

increase of number of active sites and surface area which enhanced the removal 

efficiency. Mezenner and Bensmaili (2009) described that high dose of nanoparticles 

leads to aggregation of nanoparticles and significant number of adsorption binding sites 

which may result in high removal efficiency. Results of current study also confirmed 

that gINPs has more binding sites for antibiotic removal. Adsorption capacity also 

increased with the adsorbent dosage and increase of removal efficiency from 0.64 to 

8.9 mg/g. It is higher at maximum dosage, because maximum number of binding sites 

y = 53.018x + 23.917
R² = 0.9783
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are filled, and it conforms with higher removal efficiency. Shukla et al. (2002) and 

Zhou et al. (2018) suggested that high adsorption capacity attributed to the fulfilling of 

most of the binding sites and increase in total surface area. 

 

Figure 4.6. Effect of magnetite dosage (gINPs) on removal efficiency and 

adsorption capacity. Error bars show ± standard deviation values. Conditions: 

Levofloxacin initial concentration 4 mg/L, temp 25 °C, pH 6.45, time 24 h and 

shaking speed 150 rpm  

 

4.3.2. Effect of adsorbate initial concentration 

Levofloxacin concentration effect on adsorption capacity and removal efficiency is 

illustrated in Figure 4.7. The removal efficiencies attained were 82.36, 59.10, 43.29, 

34.34 and 29.37% at levofloxacin initial concentration of 4, 8, 12, 16, 20 and 24 mg/L, 

respectively. Removal efficiency of gINPs was decreased along with increase of 

adsorbate initial concentration. It can be attributed to the fixed amount of adsorbent 

dosage in this experiment. Every adsorbent has restricted number of binding sites which 

may lead to saturation of them after certain amount of adsorbate (Weng et al., 2013; 

Pouretedal and Sadegh., 2014). Adsorption capacity decreased with decreasing removal 

efficiency and increasing adsorbate initial concentration from 9.7 to 2.1. Levofloxacin 

initial concentration overwhelmed the resistance to bulk transfer between the liquid 

phase of adsorbate and adsorbent solid phase by vital driving force. The increase in 
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initial concentration of levofloxacin enhanced the interaction between adsorbate and 

adsorbent. This is because of higher driving force of concentration gradient with high 

adsorbate concentration (Shirzad Siboni et al., 2011; Kumar et al., 2010). 

 

Figure 4.7. Effect of adsorbate (levofloxacin) initial concentration on removal 

efficiency and adsorption capacity. Error bars show ± standard deviation values.  

Conditions: gINPs 0.10 g/L, time 24 h, temp 25 °C, pH 6.55 and shaking speed 150 

rpm  

 

4.3.3. Effect of solution initial pH 

The effect of pH of antibiotic solution is essential in adsorption study for determination 

of optimal pH on which maximum adsorption occurs. The removal of levofloxacin by 

green synthesized magnetite at different pH values of 4 to 10 is shown in Figure 4.8. 

The removal efficiency calculated were 66.28, 70.28, 73.70, 81.44, 77.57, 66.96 and 

64.39% at pH of 4, 5, 6, 7, 8, 9 and 10, respectively. The results indicated that at pH 7, 

gINPs uptake of levofloxacin was higher than that at acidic and alkaline pH. Adsorption 

capacity showed the direct relation with the removal efficiency at pH 7, that was 

maximum. The pKa1 and pKa2 values of Levo are 6.02 and 8.74, respectively (Swan 

et al., 1983; Torniainen et al., 1996). So, at pH 7, levofloxacin existed as 

zwitterion/neutral form which makes its dissociation and interaction with adsorbent 

(gINPs) easier. The removal efficiency and adsorption capacity decreased as pH 
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decreased (become acidic) or increased (alkaline) because of electrostatic repulsion 

among similar charges (Wallaice et al., 1996; Wu et al., 2010). The pH dependent 

structure of levo is shown in Figure 4.9 (A-Jabri et al., 2019). The affinity of metal ions 

adsorbent with some fluoroquinolone cationic and anionic adsorbate is weaker than 

their zwitterionic/neutral counterpart and it may be attributed to the results of pH other 

than neutral (Li et al., 2017). Iron oxide nanoparticles make passive oxide layer by 

precipitating on surface at alkaline pH which may slower the uptake of levofloxacin by 

metallic core (Rezaei and Vione, 2018). 

 

Figure 4.8. Effect of solution initial pH on removal efficiency and adsorption 

capacity. Error bars show ± standard deviation values. Conditions: gINPs 0.10 

g/L, levofloxacin 4 mg/L, temp 25 °C, time 24 hand shaking speed 150 rpm  
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Figure 4.9. pH dependent structure of Levo (Al-Jabri et al., 2019) 

 

4.3.4. Effect of temperature 

The removal efficiency and adsorption capacity of levofloxacin by gINPs at various 

temperatures are exhibited by Figure 4.10 (a) and (b), respectively. Results showed that 

maximum removal efficiency and adsorption capacity were achieved by optimal 

adsorbate concentration and at 25 °C. There was no major difference between the 

removal efficiency calculated at four different temperatures between 20 to 35 °C. But 

all adsorbate concentrations showed the same order of removal efficiency and 

adsorption capacity. The maximum removal efficiency calculated for 4 mg/L 

concentration was 76.84, 84.19, 79.9 and 75.99% at temperature of 20, 25, 30 and 35 

°C, respectively. At lower temperature, both removal efficiency and adsorption 

capacity increased because of active sites expansion which increased interaction 

between them and levofloxacin. The higher removal efficiency is also due to easy C-N 

bond break down at given temperature. But at higher temperature, adsorbate uptake 
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decreased because of higher updraft movement of molecules of adsorbate, it reduced 

the attraction between active sites and antibiotics (Turku et al., 2007; Chen et al., 2011) 
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Figure 4.10. Effect of temperature on removal efficiency (a) and adsorption 

capacity (b). Error bars show ± standard deviation values. Conditions: time 24 h, 

gINPs 0.10 g/L, pH 7, and shaking speed 150 rpm 
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4.3.5. Effect of contact time  

Removal of levofloxacin by green synthesized magnetite at different time intervals is 

shown in Figure 4.11. 

 

Figure 4.11. Effect of contact time on removal efficiency and adsorption capacity. 

Error bars show ± standard deviation values. Conditions: gINPs 0.10 g/L, 

levofloxacin 4 mg/L, temp 25 °C, pH 7, time 24 h, and shaking speed 150 rpm  

 

Levofloxacin uptake by gINPs was significantly high in the beginning of experiment 

but after 40 min, it was slowed and achieved equilibrium in 24 hrs. The fast uptake was 

due to availability of a larger number of binding sites and concentration gradient. 

Maximum removal efficiency and adsorption capacity achieved after 24 hrs was 

86.15% and 9.09 mg/g, respectively. The gradual increase of antibiotic uptake 

(adsorption), and subsequently, the achievement of equilibrium point may be attributed 

to molecules’ limited mass transfer from the immense solution of adsorbate to gINPs 

exterior initially, but internal mass transfer became slower into core of nanoparticles 

(Kumar et al., 2010). Chang et al. (2009) suggested that after a time interval, the 

repulsive force generated between adsorbent and liquid bulk of adsorbate because of 

unavailability of binding sites for adsorption. But it might have occurred because of 
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controlled attachment process. When external sites were exhausted, uptake rate of 

adsorbate was determined by the rate of transfer of bulk liquid into core.  

 

4.4. Adsorption kinetics and mechanism 

Dynamics of reaction were identified with the help of kinetic study. The results of 

fitting of kinetic data constructed by equation 5 and 6 are illustrated by Figure 4.12 and 

Table 4.5. The levofloxacin adsorbed amount (Qt) was increased with increasing 

contact time beginning from 5 min to 1440 min. Figure 4.12 (a) pseudo first order and 

(b) pseudo second order indicate that at the beginning, the uptake of levofloxacin by 

gINPs was rapid and then reached at equilibrium in 1440 min. The increase of antibiotic 

adsorption efficiency was due to availability of binding sites. Table 4.5 shows that 

pseudo second-order model with high correlation coefficient (R2 = 0.965) was better 

fitted as comparison to pseudo first-order model (R2 = 0.964). The applicability of 

pseudo second order means the process involved in kinetic adsorption was 

chemisorption, but the R2 value of pseudo first order is also near R2 of pseudo second 

order which described that with chemisorption, diffusion process was also involved 

(Huang et al., 2020). In chemisorption, the chemical bonds were formed between 

adsorbate and adsorbent, and adsorbate tended to get sites that maximized their 

coordination number with surface (Atkins., 1995).  If chemisorption was involved, it 

means gINPs had a lot of active sites for chemisorption and it was promoted by 

electrical charges by shifting ionization energy and electron affinities (Schmidt et al., 

2015). The lower value of adsorption constants is indicating that process was 

exothermic and had higher adsorption capacity (Da’na et al., 2018). Hence, the above 

data suggested that the process involved was chemisorption and exothermic.  

Table 4.5. Kinetic models parameter for adsorption of Levo by gINPs   

(a)                                                                       (b) 

 

  

Pseudo second order 

K2  

(L/(mg.min)) 

Qe 

(mg/g) 

R2 

  
  

0.100 8.831 0.965   

Pseudo first order 

K1  

(L/(mg.min)) 

Qe 

(mg/g) 

R2 

  
  

0.348 4.429 0.964   
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Figure 4.12. Fitted plots of kinetic models (a)pseudo first- order, and (b) pseudo 

second- order for levofloxacin adsorption by gINPs  . Conditions: time 24 h, pH 7, 

temp 25 °C, sand shaking speed 150 rpm.  

 

 

0 500 1000 1500

6

7

8

9

Q
t 
(m

g/
g)

Contact Time (min)

 Levo adsorbed on Fe3O4

 Pseudo first order

R
2
 = 0.964 

(a)

0 500 1000 1500

5

6

7

8

9

Q
t (

m
g
/g

)

Contact Time (min)

 Levo adsorbed on Fe3O4

 Pseudo second order

R
2
 = 0.965

(b)



 

43 

 

4.5. Adsorption equilibrium Isotherm 

To determine the interaction between gINPs surface and antibiotic molecules, 

equilibrium isotherm models were applied. Figure 4.13 (a) Langmuir model and (b) 

Freundlich model showed that experimental data was well fitted by both models, 

respectively. For simulating levofloxacin adsorption capacity, both Langmuir and 

Freundlich seemed to be suitable rendering to good correlation coefficient R2 = 0.993 

and 0.994, respectively. But it was better explained by Freundlich isotherm which 

showed that adsorption was heterogenous, monolayer and, multilayer and non-uniform 

surface of the adsorbent (Al-Jabri et al., 2019). Kumar et al. (2010) reported the well-

fitting of both models for Pb+2 adsorption by Nano silver-sol coated activated carbon 

with correlation coefficient of 0.997 and 0.998, respectively. Maximum adsorption 

capacity (Qmax) of gINPs obtained from Langmuir model was 22.47 mg/L. The value 

of Langmuir separation factor (RL) is slightly higher than 1 which shows that antibiotic 

may easily be separated from wastewater and Langmuir model may be applicable (Stan 

et al., 2017). But the 1/n is the adsorption intensity which explains heterogeneity of 

adsorbent and relative energy distribution. The 1/n value is less than one in this study 

which shows that adsorption was favorable chemical process. So, from the evidence, 

best fitted model for equilibrium isotherm was Freundlich isotherm. Results of isotherm 

model fitting of experimental data are provided in Table 4.6.    

Table 4.6. The Langmuir and Freundlich isotherm model parameters for 

adsorption of Levo using gINPs  

(a)                                                                                (b) 

 

 

Freundlich Model 

Kf 

(mg/L) 
1/n 
 

R2 

  
  

26.63 0.831 0.994   

Langmuir Model 

Qmax 

(mg/g) 

KL 

(mg/L)  

              R2 

  
  

22.47 0.01                       0.993   

RL 

1.04 
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Figure 4.12. Fitted plots of Langmuir model (a), and Freundlich model (b) for 

levofloxacin adsorption by gINPs  . Conditions: time 24 h, pH 7, temp 25 °C, and 

shaking speed 150 rpm.  
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Chapter 5 

Conclusions and Recommendations  

5.1. Conclusions 

Current study investigated the green synthesis of magnetite (Fe3O4) using Moringa 

olifera leaves and using it for antibiotics (levofloxacin) removal. The synthesis of 

gINPs was confirmed by comparison with characterization of magnetite prepared by 

coprecipitation method and compound existed in XRD of gINPs was magnetite 

(Fe3O4). Nanoparticles’ yield using green method was higher than coprecipitation 

method. The results showed that gINPs were effective for levofloxacin removal from 

wastewater. The respective maximum adsorption capacity for levofloxacin calculated 

by Freundlich model was 26.63 mg/g, attained at equilibrium stage. Chemisorption 

mechanism and exothermic process was suggested by pseudo second order (R2 = 0.965) 

while the chemical, monolayer and heterogenous adsorption mechanism was 

recommended by Langmuir and Freundlich models with R2 0.993 and 0.994, 

respectively.  The maximum removal efficiency achieved was 86.15% during 24 h at 

optimal conditions. The removal efficiency and adsorption capacity increased with 

adsorbent dosage. The presented results reveal that gINPs can successfully be used for 

antibiotics removal. The synthesis of magnetite using Moringa olifera or other plant 

extracts is advantageous as it is fast, cost-effective, energy efficient, environment-

friendly, economical, and easy to operate.   

 

5.2. Recommendations 

With increasing trend of antibiotics production, consumption and release into 

environment, antibiotic removal techniques would get more attention in coming years. 

Based on results of current study, some recommendations for future research are as 

under: 

1. More studies should be conducted on the presence of antibiotics in different 

environmental compartments as there is lack of data in this direction. 

2. More research is needed in the field of antibiotics removal from wastewater to 

have an effective strategy. 

3. Different chemicals can be obtained other than iron oxide using plant extract 

and their efficiency for antibiotics removal can be examined.  
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4. Behavior of other antibiotics in wastewater and their removal kinetics can also 

be studied. 

5. Adsorption technology alone is not sufficient for antibiotics removal, so it must 

be combined with any other technology to completely remove antibiotics. 

6. Policy makers could be acquainted with the methods of antibiotic removal while 

emphasizing research in the said domain. 

7. There is need for making environmental laws, standards for antibiotics and their 

implementation.  
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