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CHAPTER 1 

INTRODUCTION 

1.1 GENERAL 

 
Water is essential for all living beings. Rivers, lakes, oceans, and underground aquifers 

are the sources of water from which it is drawn for various purposes like domestic, 

irrigation, and industrial. But with the advancement in industrialization and urbanization, 

the utility of water has enormously increased and it is impossible to fulfill the water 

demand from various sources. Therefore it is very essential to treat the generated 

wastewater and utilize the same. Hence treated wastewater has become one of the 

important alternative sources of water. 

 
Bioaccumulation of Pharmaceutical and Personal Care Products (PPCPs) in the water 

system is of major concern in the field of Environmental technology. Instances pointing 

to the reappearance of traces of Pharmaceutical and Personal Care compounds like 

ibuprofen, aspirin, primidone, triclosan carbamazepine, etc in the treated water indicate 

the system failure in the removal of these micropollutants. Pharmaceutical Active 

compounds are complex molecules polar in nature with molecular weights ranging from 

200 to 1000 Da (Pal, 2018). 

 
Special concern has lately been provided to what could be known as "emerging 

pollutants," which are generally uncontrolled substances that could be candidates for 

prospective management based on research on their potential health hazards and 

analyzing data on their prevalence. Pharmaceuticals and personal care products (PPCP) 

and endocrine-disrupting chemicals (EDC) are recently considered emerging 

contaminants that are unregulated or can be regularized in the future. Sewage effluents 

and hospital and animal waste are the point sources and agricultural run-off, wash-off 

from roadways, and underground contaminations are the non-point sources of PPCPs. If 

EDCs and PPCPs are present in water, it will adversely affect the reproductive and health 

effects of humans and other living things. In recent decades, the amount of chemicals 
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found in the aquatic environment has increased significantly. In this approach, active 

components in personal care products are part of a wide set of bioactive compounds that 

are attracting greater exposure as possible environmental contaminants (Sanchez-Prado et 

al., 2006). 

 
Triclosan (TCS, 5-chloro-2-(2,4-dichloro phenoxy)-phenol), is an antimicrobial and 

antifungal agent found in most personal care products. Triclosan is among the most 

frequently identified as an arising contaminant and is being used in a variety of personal 

grooming products such as mouthwash, body washes, antiperspirants, hair products, and 

beauty products, as well as products such as plastic cookware and shoes, and usable 

garments such as fully functioning footwear and undies. Not only it is visible in industrial 

effluent and sewage treatment plants but also in potable and drinking water sources. 

Major concern of TCS use recently developed, owing to its prevalence not just in WWTP 

of industrial effluent, but in human milk (Ogutverici et al., 2016). Because of its 

significant antimicrobial action, its global production reaches 1500 tonnes per year (Liu 

et al., 2016). It has been claimed that it is extremely hazardous to certain aquatic 

creatures. The usage of Triclosan has increased in recent years. Triclosan is an endocrine- 

disrupting agent which has been found in breast milk, urine, and plasma. Recently 

Triclosan has raised serious environmental concerns because of both its toxicity to some 

aquatic organisms and the formation of more toxic byproducts (Methatham et al., 2012; 

Song et al., 2012; Liu et al., 2014). 

 
The standard wastewater treatment techniques are unable to provide a dependable barrier 

against triclosan, it is proposed to implement extra advanced treatment technologies in 

places where a chronic pollution problem has been identified or is expected. The various 

technologies such as ozonation and advanced oxidation processes, membrane bioreactors, 

membrane filtration, and activated carbon adsorption, indicate that chemical oxidation 

with ozone is an extremely effective treatment process for a wide variety of new organic 

pollutants such as pesticides, pharmaceutical drugs, care products, emulsifiers, microbial 

pollutants, and normal fatty acids. Ozonation has lately emerged as a critical method for 
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the oxidizing and destruction of a diverse spectrum of organic contaminants in 

wastewater (Ikehata et al., 2006). It has been shown that it is an excellent post-treatment 

method for medicines and personal care items (Ikhata et al., 2008; Wert et al., 2009). 

 
In Advanced Oxidation Process (AOP) hydroxyl radicals will be formed and it has a 

strong oxidizing property and the ability to degradation of pollutants. Because of the 

tremendous oxidizing activity of AOPs, which are commonly described as oxidation 

processes that create hydroxyl radicals, are responsible for organic degradation. As a 

result, they may oxidize and accumulate nearly every organic molecule, producing CO2 

and inorganic ions. The predominance of AOP systems requires a combination of 

oxidants and irradiation (O3/H2O2/UV) or a catalyst and irradiation (Fe2+/H2O2; 

UV/TiO2). 

 
The common shortcoming of such methods is the high demand for electrical energy for 

equipment such as ozonation, (Ultraviolet) UV lamps, and so on, which frequently makes 

such treatments economically inefficient. This is why, even though AOPs are widely 

recognized for their ability to oxidize and mineralize practically any organic pollutant, 

commercial uses are still limited. Catalysis and solar energy might be used to improve 

future uses of these technologies. As a result, research is increasingly focused (Malato et 

al., 2007) on the two AOPs that can be driven by solar radiation, i.e., light with a 

wavelength greater than 300 nm, homogeneous catalysis through the photo-Fenton 

reactions and heterogeneous catalysis by UV/TiO2. 

 
To prevent contamination of the environment, it is vital to create an ecologically safe and 

quick process for triclosan biodegradation. Recent research has focused on the pathways 

of triclosan degradation. Sonoelectrochemical (Ren et al., 2014), photoelectrocatalytic 

(Liu et al., 2013), oxidative (Song et al., 2012), and electro-Fenton degradation (Sirés et 

al., 2007) are some of the triclosan degradation techniques. Research in the literature has 

proposed ways of completing the remediation of triclosan-containing municipal 

wastewater. This developing contaminant can be chemically oxidized using chlorine 
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(Inaba et al., 2006), ozonation, or UV/TiO2 photocatalysis (Klamerth et al., 2010; Rafqah 

et al., 2006). 

 
Fenton's reagent could provide a realistic solution for emerging contaminants that are 

generally at extremely low concentrations, provided that the overall organic load of the 

effluent to be treated is likewise within a low range, allowing the procedure to be 

completed with relatively modest H2O2 doses. Fenton was most extensively used in 

wastewater treatment by radical oxidation and flocculation. Ferrous ions accelerate the 

breakdown of H2O2 into OH and the generation of extra radicals capable of totally 

oxidizing organic molecules. Nonetheless, there is a paucity of knowledge on the 

potential application of Fenton’s oxidation as a post-treatment for the degradation of 

triclosan as well as other developing chlorinated contaminants (Klamerth et al., 2009). 

 
Nanotechnology has enormous promise for improving efficiency in modern water and 

wastewater treatment. Because of its distinctive qualities, such as high adsorption 

activity, reactivity, and environmentally friendly nature, nanotechnology is a viable 

technique for implementing new and effective solutions to a variety of environmental 

concerns (Malakootian et al., 2019; Zinatloo-Ajabshir et al., 2016). Nanomaterials have 

great promise in environment cleansing, water purification, and treatment of wastewater. 

From the perspective of both resource sustainability and environmental remediation, 

nanomaterials (NMs) have been presented as an efficient, cost-effective, and 

environmentally acceptable alternative to conventional treatment materials (Qu et at., 

2013). Nanomaterials are employed as adsorbents, catalysts, photocatalysts, and so on. 

Because of their magnetic and catalytic capabilities, iron oxide nanoparticles (NPs) are 

widely employed in the chemical and electronic sectors. Iron oxide nanoparticles have 

recently seen increased usage in the treatment of hazardous waste and the remediation of 

polluted soil, surface, and groundwater. Iron oxide nanoparticles are now being 

investigated in the adsorption process to remove developing contaminants. 

 
Green nanoparticle synthesis has many benefits over previous techniques, such as being 

considerably simpler, not harming the environment, and also being extremely cost- 
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effective. The benefit of green synthesized NPs is that they do not demand synthetic 

reducing agents, which are environmentally harmful. Additionally, such a technique 

eliminates the necessity of external capping and stabilizing chemicals. Iron nanoparticles 

possess excellent mechanical properties, are non-toxic, and also have a tendency to form 

oxides. Fe NPs are also called magnetic nanoparticles due to their enormous surface area, 

high thermal stability, and magnetic properties (Arabi et al., 2016). Iron is abundantly 

available, less expensive, and its magnetism feature has assisted in the synthesis of NPs 

with enormous application potential in environment separation. Green route approaches 

have reduced significantly agglomeration, which has long been a concern in the chemical 

production of NPs. The polyphenolic concentration and endogenous proteins, especially 

in leaf extracts and microbe synthesizing, act as a stabilizer and coating agent over the 

formed NPs, minimizing aggregation. Either ferrous sulphate or ferric chloride salts will 

be added as a precursor for the synthesis of nanomaterials, which add extra chlorides and 

sulphates to the treatment method. To avoid either ferrous sulphate or ferric chloride salts 

as a precursor, locally available laterite as a source of iron and plant extract was used for 

the synthesis of nanoparticles. 

 
Natural laterite iron replacement for the commercial iron catalyst is one of the acceptable 

attempts made by many researchers (Manu and Mahamood, 2011; Bhaskar et al., 2021; 

Sangami and Manu, 2019). Laterite soil by its characteristic has 30-40% of iron which 

makes it a naturally available iron rich mineral. The investigation on the usage of laterite 

iron as a catalyst in its natural form, iron leached from laterite soil by chemical method, 

bioleached laterite iron, and nanoparticles synthesized from leached laterite iron confirms 

its role as a catalyst in the Fentons oxidation (Bhaskar et al., 2021b; Sangami and Manu, 

2017). Psidium guajava, a tropical plant extensively rich in phytochemicals such as 

alkaloids, flavonoids, and polyphenols is used for the synthesis of nanoparticles. 

Polyphenols present in the plant extracts are proven to actively act as a capping agent 

around the particles reducing their size and increasing their surface area (Madubuonu et 

al., 2020). The interaction of various organic functional groups with the precursor used 

with the Psidium guajava makes it one of the prominent plants used in the green 
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synthesis of a wide variety of nanoparticles (Madubuonu et al., 2020). A plant widely 

found in the Western Ghats in India is Makaranga peltata. It has been found to contain 

bergenin derivatives, polyphenols, as well as other flavonoids and diterpinoids. (Verma 

et al., 2013). Makaranga peltata leaf extract is used for the synthesis of silver, copper, 

and zinc nanoparticles (Vazhacharickal et al., 2018). Properties of nanoparticles like size, 

shape, and surface area depend on the plant extract and the precursor used in the process 

of synthesis. 

 
A few researchers have synthesized the gold, titanium oxide, silver, tin oxide, zinc oxide, 

copper oxide, zero-valent iron nanoparticles using Psidium guajava which was used to 

remove various dyes like reactive yellow 186, vinyl disulphone RY 186, methylene blue, 

Nile blue, RY 160 and many more. (Patil and Rane, 2020). There is no literature 

available on nanoparticle synthesis using Makaranga peltata leaf extract and laterite iron 

as a precursor for its application in Fenton’s degradation of triclosan. 

 
The bio-Fenton (BF) is a process in which hydrogen peroxide is generated, when the 

enzyme reacts with the glucose. In addition to being sustainable, bio-Fenton can produce 

hydrogen peroxide in situ, which reduces overall expenses and reduces power 

consumption. In wastewater treatment, this process is relatively recent, and has been used 

mainly to treat dye effluents, such as Malachite green and Acid blue 113 (Kahoush et al. 

2018). Organic pollutant like trichloroethylene have also been removed by the bio-Fenton 

process (Ravi et al., 2020). 

 
The present study aims to degrade the triclosan using green synthesized laterite-based 

Psidium guajava nanoparticles (GPsLaNP) and green synthesized laterite-based 

Makaranga peltata nanoparticles (GMpLaNP) by Fenton’s process. 
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1.2 OBJECTIVES 

 
 Main objective 

 
 The primary objective of the current study is the degradation of triclosan from 

wastewater by Fenton’s Oxidation using green synthesized laterite iron 

nanoparticles (GLFeNP’s). 

 
 Specific objectives 

 
 To extract iron from laterite soil and to synthesize, and characterize Green 

Laterite based Iron Nano Particles (GLFeNP’s). 

 
 To study the influence of GLFeNP’s, H2O2 dosage, pH, and initial triclosan 

concentration on the degradation of the target compound in Fenton’s Oxidation. 

 
 To study the reaction kinetics of triclosan degradation. 

 
 To optimize the bio-Fenton’s for Psidium guajava Laterite Iron Oxide Nano 

Particles (GPsLaNP) and Macaranga peltata Laterite Iron Oxide Nanoparticles 

(GMpLaNP). 

 
1.3 MOTIVATION FOR THE RESEARCH 

 
Wastewater from pharmaceutical and personal care industries are characterized by high 

concentration of organic contaminants, high biochemical oxygen demand (BOD) 

concentration, high chemical oxygen demand (COD) concentration, high suspended 

solids, and different BOD/COD value in wastewater (Luo et al., 2019). Many research is 

evident on the presence of pharmaceutical and personal care compounds in surface water, 

groundwater, and drinking water (Vieno et al., 2007; Mutiyar et al., 2018). The presence 

of PPCP’s pose a potential threat to an aquatic environment. Ibuprofen, diclofenac, and 

carbamazepine are toxic to fish species like Corbicula fluminca on 3 days of exposure 

while its toxicity on Pimephales promelas varies with an exposure period of 109 days. 
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Ibuprofen and sulfamethoxazole at a concentration of 0.1µg/L induce over-expression of 

glutathione s-transferase p1 gene in humans for a period of 24h exposure. Carbamazepine 

at a rate of 0.005µg/L and ciprofloxacin at a rate of 0.5µg/L may cause antagonistic 

synergistic interactions for a period of 48h exposure in humans (Vasquez et al., 2014). 

Triclosan enters the wastewater treatment plants when it is discharged from wastewater 

(Yin et al., 2022). It found not only in water bodies, but also in human blood, plasma, and 

urine (Dann and Hontela, 2011). There are several health risks associated with Triclosan, 

an antibacterial compound. Hence it is necessary to remove the triclosan. 

 
Although many treatment technologies have been developed in recent decades for the 

degradation of PPCPs, they are confined to relatively few chemical groups. In addition, 

the occurrence of resistance to complete degradation led to failure in the treatment of 

these compounds. Apart from conventional and biological treatment, advanced oxidation 

processes like Fenton’s are proven to be effective in treating recalcitrant organic 

pollutants. Fenton’s process is a simple method to produce hydroxyl radicals having a 

relative oxidation power of 2.05 at an ambient temperature and pressure. Fenton 

oxidation is a highly efficient, most economical, and easily available treatment method 

(Srivastav et al., 2019). 

 
The nanotechnological approach in the treatment of organic compounds is proven to be 

the most effective technology (Boulkhessaim et al., 2022; (Boulkhessaim et al., 2022; 

Ibrahim et al., 2016)). Cost–effectiveness of such nano catalyst-based Fenton oxidation 

needs more investigation as the efficiency is based on the morphological and chemical 

composition of the nano iron particles. In this view, the present study encompasses the 

extraction and usage of laterite iron as a precursor in the synthesis of nano iron particles 

for its application in Fenton’s oxidation as a catalyst. The study also extends the 

application of nano iron catalyst in bio–Fenton’s oxidation nullifying the addition of 

hydrogen peroxide. 
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1.4 STRUCTURE OF THE THESIS 

 
Chapter 1 provides an introduction to the emerging contaminants, Triclosan, and their 

effects on the environment and the treatment methods involved, the motivation for the 

research, and the objective of the research. 

 
Chapter 2 provides the exposure, environmental concern of triclosan, literature summary 

on treatment techniques involved to treat the triclosan by advanced oxidation process. 

Degradation of Triclosan by Fenton’s process and bio-Fenton process by conventional 

iron and green synthesized iron is discussed in detail. 

 
Chapter 3 gives the details about the materials, methodology, analytical techniques used. 

 
Chapter 4 deals with the results and discussion on the synthesis of nanoparticles and its 

characterization using leaf extract and laterite extract and its application as a catalyst in 

the Fenton and bio-Fenton process for the degradation of Triclosan. 

 
Chapter 5 gives the conclusion drawn from the objectives based on the experimental 

results, also the scope and future work is presented. 
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CHAPTER 2 

LITERATURE REVIEW 

Chapter 2 focuses on the literature related to triclosan and other PPCPs and their 

applications. The exposure of triclosan in the environment, occurrence of triclosan in 

water and the available treatment methods to degrade the triclosan are involved in the 

degradation are discussed. 

 
2.1 GENERAL 

 
Chemicals that are emerging contaminants can include medicines, personal care products, 

household cleaning products, lawn care products, agricultural products, etc. These will 

get introduced into water bodies if it is not removed during the treatment and it will cause 

a detrimental effect on aquatic life and human beings. 

 
Endocrine Disrupting Compounds (EDCs) are widely present and include natural 

oestrogens as well as synthesized xenoestrogens phthalates and many others that have 

already been discovered to impact hormone activity in the endocrine system (Jobling et 

al., 1998; Desbrow et al., 1998; Folmar et al., 1996) revealed sewage effluent as a 

significant source of natural estrogenic substances in the water habitats, garnering 

substantial interest during the last 2 decades. (Liu and Liu, 2004) discovered equivalent 

oestrogen findings when photolysis processes were increased with MP lights and at 

greater pH levels. A study conducted by Linden et al., (2007) investigated the EDC 

breakdown intermediates following AOP (UV/H2O2) that discovered no change in 

oestrogenic activity. 

 
In recent years, there has been a strong interest personal care products identified in 

various aqueous matrices. Though normally present in low quantities, long-term exposure 

to such substances, offers a promising risk to both the environment and humankind. In 

addition to pharmaceutically active compounds, personal care products, endocrine 

disruptors, and their metabolites, per and polyfluoroalkyl substances, artificial 
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sweeteners, industrial wastes, food additives, flame retardants, heavy metals, pesticides, 

fertilizers, disinfectants by-products, illicit drugs, steroids, antibiotic-resistant bacteria, 

antibiotic-resistant genes are among the emerging contaminants (ECs) (Jagini et al., 

2019; Renganathan et al., 2021). The presence of ecologically unfavorable compounds in 

the environment grows dramatically (Wooten, 2012). As a result, pharmaceutical residues 

will be a significant burden on wastewater treatment plants. According to studies, 

conventional (waste water treatment plant) WWTP does not effectively disintegrate 

PPCPs and in pharmaceutical preparations active ingredients (Okuda et al., 2008), 

demanding additional treatment to fulfill water reuse conditions. In studying AOPs for 

eliminating in pharmaceutical preparations active ingredients, Klavarioti et al., (2009) 

reported that, pollutants in surface and groundwater rapidly decreased below the limit of 

detection. 

 
Triclosan (TCS, 5-chloro-2-(2,4-dichlorophenoxy)-phenol), is among the most frequently 

identified as an arising contaminant, is being used in a variety of personal grooming 

products such as mouthwash, body washes, antiperspirants, hair products, and beauty 

products, as well as products such as plastic cookware and shoes, and usable garments 

such as fully functioning footwear and undies. Triclosan is visible not only in industrial 

effluent and sewage treatment plants but also in water bodies. Because of its significant 

antimicrobial action, its global production reaches 1500 tonnes per year (Liu et al., 2016). 

Triclosan has recently sparked severe environmental concerns due to its toxicity to 

various aquatic creatures as well as the development of more harmful metabolites (Song 

et al., 2012; Liu et al., 2014; Methatham et al., 2012). Table 2.1 summarizes the triclosan 

concentrations in various water sources. Triclosan may be directly photo transformed to 

create 2,8-dichloro dibenzo-p-dioxin, which is carcinogenic (Yang et al., 2011). The 

structure of triclosan is seen in Figure 2.1. The table below depicts the presence of 

triclosan in numerous water bodies. 
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Figure 2.1: Structure of triclosan 

(Oztamer and Cokay, 2017) 

 
2.2 EXPOSURE OF TRICLOSAN IN THE ENVIRONMENT 

 
The extensive usage and inadequate removal of triclosan in WWTPs create a multitude of 

entry points for the chemical into the environment. Triclosan has already been identified 

as one of the most regularly observed chemicals in solid and water environmental 

compartments (Singer et al., 2002). Lindström et al. (2002) discovered triclosan levels of 

up to 70 μg/L in lakes and a river in Switzerland. Whereas triclosan levels in the Ruhr 

River in Germany varied between 11-98 μg/L, substantial quantities of triclosan were 

observed in rivers getting WWTP effluents (Bester, 2005). Whenever administered to 

land, triclosan can divide into sewage sludge during treating wastewater and then transfer 

to soil. 

 
High triclosan concentrations were observed in a field using biosolid in land application 

(Langdon et al., 2012). Moreover, triclosan was found in the marine sediment of Barker 

Inlet, South Australia, with quantities ranging from 5-27 μg/g (Fernandes et al., 2011). 

There is an average concentration of 1 to 10 mg/L of TCS in wastewater from WWTPs, 

due to the washing down the drain of up to 96% of TCS in consumer products (Yueh and 

Tukey, 2016). A direct photolysis reaction may occur when TCS and chlorinated 

derivatives are discharged into surface waters through WWTP effluents, leading to the 

formation of 2, 4-dichlorophenol and polychlorodibenzop-dioxins (PCDDs), including 1, 

2, 8 trichlorodibenzo-p-dioxin (1, 2,-TriCDD), 1, 2, 3, 8, tetrachlorodibenzo-p-dioxin (1, 

2, 3, 8), 2, 3, 7 trichlorodibenzo-p-dioxin (2, 7-TriCDD), and 2, 8-dichloro-dibenzo-p 
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dioxin (Buth et al., 2009; Fiss et al., 2008). However, exposing triclosan to sunlight or 

(ultraviolet) UV irradiation in photocatalytic activity can result in the development of 

very hazardous and long-lasting chlorinated byproducts such as 2, 8-dichlorodibenzo-p- 

dioxin. When sewage sludge is applied to agricultural land which contains triclosan, it 

accumulates and persists in biosolid (Chalew and Halden, 2009; Heidler and Halden, 

2007). 

 

 
Figure 2.2 Environmental fate and effects of TCS 

(Yueh and Tukey, 2016) 

 
Aquatic biota, such as snails, algae, fish, and marine mammals, have been detected to 

accumulate TCS contamination both in aquatic and terrestrial environments (Yueh and 

Tukey, 2016). A study conducted by Wilson et al., (2003) proved that as a consequence 

of WWTP effluent being disposed of in water ecosystems, TCS might have an impact on 

the structure and function of algal communities. Invertebrates, fish, and activated-sludge 

microorganisms were used in an experiment conducted by Orvos et al., (2002) to study 
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triclosan's aquatic toxicity. TCS was found to be toxic to algae, with an EC50 of 1.4 g/L 

and a no-observed effect concentration of 0.69 g/L after 96 hours. During adult and early 

stages of development, TCS causes deleterious effects on zebrafish (Oliveira et al., 2009). 

 
Table 2.1: Occurrence of Triclosan in various water bodies 

 
 

Source Concentration of TCS Reference 

Surface Water 1.4–40,000 ng/l  
 

Dhillon et. al;(2015); 

Kumar et. al., (2015) 

Sea Water <0.001–100 ng/l 

Wastewater Influent 20–86,161 ng/l 

Wastewater Effluent 23–5370 ng/l 

Pore Water 0.201–328.8 μg/l 

Raw Drinking Water (U.S.) 8.8 ng/l Snyder (2008) 

Australian WWTPs effluent 23 - 434 ng/l  
 
 

Ying and Kookana (2007) 

Switzerland WWTPs 

effluent 
42 - 213 ng/l 

USA WWTPs effluent 35 - 2700 ng/l 

UK WWTPs effluent 340 - 1100 ng/l 

surface water of Australia 75 ng/l 

Indian Rivers 3800- 5160ng/l Ramaswamy et al., (2011) 

 
 

Triclosan is an endocrine disrupting agent which has been found not only in aquatic biota 

but also in the breast milk, urine (Calafat et al., 2008), plasma (Allmyr et al., 2006) of 

humans (Dann and Hontela, 2011; Yueh and Tukey, 2016). A research conducted by 

Calafat et al., (2008) found that 74.6% of 2,517 participants were found to have TCS 

concentrations ranging from 2.40 to 3.79 grams/liter in urine samples, with the highest 

levels occurring among young adults in their twenties and those in higher socioeconomic 

positions. In 51 out of 62 samples taken from the Breast Milk Banks in California and 

Texas, researchers found TCS at concentrations ranging from 100 to 2,100 g/kg lipid 
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(Dayan, 2007). According to the survey conducted on pregnant women in Canada found 

triclosan concentration in their urine. Higher socioeconomic status and older age were 

associated with increased urinary TCS concentrations (Arbuckle et al., 2015). In a health 

risk assessment study, higher levels of TCS were reported to be associated with the use of 

daily care products containing TCS in a population of Swedish women (Allmyr et al., 

2006). 

 
2.3 AVAILABLE TREATMENT TECHNOLOGIES FOR TRICLOSAN 

REMOVAL 

Triclosan is an endocrine-disrupting agent due to its highly ecotoxic nature. Triclosan if 

found in water bodies, wastewater, humans, flora, and fauna, it is necessary to treat the 

triclosan. The available treatment methods like physical, biological, and advanced 

oxidation methods to degrade the triclosan are discussed below. 

 
2.3.1 Physical Treatment Methods 

 
Nakada et al. (2007) evaluated the removal rates of 24 active pharmaceutical 

chemicals utilizing sand filtering and advanced oxidation at an operating municipality 

sewerage system. Sand filtering alone did not result in efficient removal, however 

ozonation was a successful approach for removing the target contaminant (triclosan 

removal was up to 80%). With the use of a blend of activated sludge process, sand 

filtering, and advanced oxidation the triclosan was removed at a rate of greater than 90%. 

A study conducted by Leal et al., (2011) reported that 95% of triclosan was removed by 

adsorption onto granular activated carbon. An acidic condition facilitated triclosan 

removal better than an alkaline condition using activated carbon, kaolinite, and 

montmorillonite sorbents (Behera et al., 2010). 

 
Liu et al. (2014) tested whether triclosan could be effectively removed from waste paddy 

straw-derived hydrochar. This analysis revealed that waste paddy straw-derived 

hydrochar is a viable predecessor for the production of high magnetized activated carbon 

in the removal of contaminants from real water matrices. 
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Ogutverici et al. (2016) evaluated triclosan elimination by nanofiltration (NF) through 

natural organic matter interaction (NOM). The results revealed that NOM had a favorable 

effect on TCS elimination due to the development of a TCS–HA (Humic Acid) complex, 

which restricts TCS permeability across the membrane. TCS elimination increased as the 

NOM concentration of the surface water increased. 

 
2.3.2 Biological Treatment Methods 

 
This is one of the treatment processes that use microorganisms to oxidize pollutant in 

waste water into organic matter. For waste water treatment, microorganisms demand 

more oxygen (Akhbari et al., 2019). This procedure is primarily concerned with the 

elimination of organic contaminants. Using well-constructed wetlands, three different 

types of aquatic plants were tested for their effectiveness in removing TCS (Liu et al., 

2016). There was a significant improvement in removing TCS from water, as all removal 

efficiencies were greater than 97 %. By constructing wetlands with different types of 

plants, Zhao et al., (2015) studied the variation of the bacterial community and the 

microbial removal mechanisms of TCS removal. Over 90% of TCS was removed from 

constructed wetlands, and TCS negatively affected bacterial diversity and abundance. 

 
Using Sphingopyxis strain KCY1, a wastewater isolate produced stoichiometric amounts 

of chloride during the complete degradation of triclosan (Lee et al., 2012). Aspergillus 

versicolor has been investigated for its ability to degrade triclosan by Ertit Taştan and 

Donmez, (2015). At 7.5 mg/L triclosan concentration, Aspergillus versicolor achieved a 

maximum biodegradation yield of 71.91%. A ubiquitous green alga, Chlorella 

pyrenoidosa, was used in the study conducted by Wang et al., (2013) to remove and 

biodegrade triclosan from water. More than 50% of the triclosan was quickly removed by 

algal uptake within one hour of exposure to algal cells at concentrations from 100 to 800 

ng /mL. 77.2% of triclosan was eliminated from the medium after 96 hours of exposure 

to 800 ng /mL algal cells. 
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2.3.3 Advanced Oxidation Process 

 
Highly effective technologies such as advanced oxidation processes (AOP) are all cited 

as being ideal for micropollutant removal. Martinez et al. (2014) examined the 

elimination of triclosan by (titanium oxide) TiO2 immobilized by the synthesis of dense 

TiO2 films on mesoporous stones, providing a photocatalytic activity that occupies a 

Pyrex® CPC container. In photocatalytic oxidation, two sets of parameters were 

investigated for the elimination of triclosan. Initially, by retaining persulfate as a strong 

electron acceptor the removal of triclosan was high but when the pH was maintained 

neutral, the persulfate concentration had no effect on removal efficiency, but it became a 

water pollutant in treated water. 

 
A study was conducted to integrate ultraviolet (UV) and ultraviolet irradiance with 

Conductive-Diamond Electrochemical Oxidation (CDEO) to accelerate the degradation 

of caffein and triclosan pollutants in wastewater. It’s been observed that triclosan 

removal is more than 60%. The mixture of UV light and US irradiations using CDEO 

tends to enhance triclosan degradation (Saez et al., 2014). 

 
Aqueous ozonation was used to remove triclosan in a study performed by Chen et al., 

(2012). The experiment was carried out for various triclosan to ozone molar ratios, and 

the clearance rate ranged from 94 to 99.9%. The treatment procedure may completely 

remove triclosan and convert it to the corresponding products: 2,4-dichlorophenol, 

chlorocatechol, mono-hydroxy-triclosan, and di-hydroxy triclosan. 

 
Utilizing simulated solar UV irradiation, Martinez-Zapata et al., (2013) analyzed the 

removal of triclosan by photodegradation in solutions containing Fe(III) and in the lack 

and existence of humic acids. The best conditions for TCS breakdown in direct photolysis 

was at basic pH (i.e. 9), a ferric iron dosage of 2mg/l in the lack of HA. 

 
Chen et al., (2016) extensively investigated the potential use of potassium permanganate 

as an oxidizing agent for the reduction of triclosan (TCS) in sewage treatment. The 
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triclosan concentration of 20 mg/L was completely degraded with in 120s, with an 

optimized condition of pH = 8.0, [TCS]0:[KMnO4]0 = 1:2.5, and T = 25 oC. 

An investigation was conducted by Orhon et al., (2017) to determine how efficiently 

ozonation could remove triclosan from surface water. It was found that continuous 

ozonation at 5 mg/L was required to completely eliminate triclosan from surface water 

containing 1 to 5 mg/L of triclosan. 

 
Anupama and Shrihari (2018) studied the removal of triclosan from wastewater by both 

homogeneous AOP by O3/UV and heterogeneous AOP using TiO2/UV. It is observed 

that, when compared with heterogeneous condition, at homogeneous condition the 

removal is higher and it has reached greater than 90%. 

 
Fidelis et al. (2019) discussed the photocatalytic reaction in the degradation of Triclosan 

utilizing the immobilized catalyst Fe/Nb2O5. The results showed that the immobilized 

Fe/Nb2O5 catalysts were effective at degrading Triclosan. 

 
According to the Constantin et al., (2018) investigation, a heterogeneous photocatalysis 

was used in wastewater treatment with TCS to produce non-toxic compounds like 

carboxylic acid and HCl while converting target pollutants and their byproducts. A 

composite of Ag/BiVO4/rGO was synthesized to degrade the triclosan. It is observed that 

under UV light complete degradation of triclosan in 100 minutes with 1 mg/mL 

photocatalyst (Li et al., 2019). 

 
The electrochemical dechlorination of triclosan using a composite electrode made from 

palladium/polypyrrole-reduced graphene oxide/foamed nickel was examined by Zhang et 

al., (2020). After 100 minutes, 100% of TCS removal was observed under the 

polymerized potential of 0.7V. 

 
Chandra Pragada and Thalla, (2021) synthesized an immobilized Fe2O3–TiO2/PVP to 

degrade the triclosan. An 83.27% degradation efficiency was achieved by using a solar 
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photocatalytic reactor to degrade triclosan (TCS) in treated grey water discharged from 

the anaerobic-aerobic treatment system. 

 
2.3.3.1 Fenton’s Oxidation 

 
Many AOPs utilize oxidants and irradiation (O3/H2O2/UV) or a catalyst and irradiation 

(Fe2+/H2O2; UV/TiO2). The main drawback of such techniques is the large demand for 

electrical energy for apparatus like ozonators, UV light generation, etc, which often 

renders such remedies commercially ineffective. Fenton is regarded as one of the most 

successful alternative advanced treatment procedures for removing a wide range of 

harmful micropollutants from refractory/toxic wastewater (Pignatello et al., 2006). The 

interaction of aqueous ferrous ions with hydrogen peroxide (H2O2) produces the hydroxyl 

radical (OH), which can eliminate refractory and harmful organic contaminants in 

wastewater (Neyens and Baeyens, 2003). In 1894, Fenton discovered the Fenton reaction 

and observed that ferrous (Fe2+) ions could activate H2O2 to oxidize tartaric acid. 

It was effective in its use as an oxidizing procedure for the destruction of hazardous 

organics. Fenton was most extensively used in wastewater treatment by radical oxidation 

and flocculation. Ferrous ions accelerate the breakdown of H2O2 into OH and the 

generation of extra radicals capable of totally oxidizing organic molecules. Photo-Fenton 

degrades low concentration organic contaminants more effectively. Because excessive 

concentrations of organic contaminants reduce the absorption radiation of ferrous 

compounds, a greater radiation duration, as well as a greater H2O2 dose, are required. 

Excessive H2O2 may readily absorb OH. Several chemical compounds, including 

ethylene diamine tetraacetic acid (EDTA), Ethylenediamine-N,N'-disuccinic acid 

(EDDS), oxalate, as well as other organic acids, were introduced to functionaliz the Fe3+ 

during photocatalytic activity to improve Fenton and photo-Fenton efficiency. In the 

Fenton process, most organic pollutants are almost completely oxidized by OH radicals 

(Prousek, 1995). 
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Sirés et al., (2007) examined the effective degradation of triclosan at pH 3 using electro 

fenton process using undivided electrolytic cells with a Pt or boron-doped diamond 

(BDD) anode and a carbon felt or (oxygen) O2 diffusion cathode. Klamerth et al.,(2009) 

investigated the degradation of triclosan at lower concentration (0.1 mg/L, 0.3 µmol/L) 

using solar photo fenton and (titanium oxide) TiO2 photocatalysis. The result showed that 

triclosan was more effectively removed from solar photo fenton than with TiO2 

photocatalysis. 

 
Methatham et al., (2012) investigated the possibility of continuous electro-regeneration of 

ferrous ions by removing triclosan completely using Fenton's reagent in conjunction with 

an electrochemical system. Maintaining the current densities of 0.15 mA cm2 with 4 mM 

H2O2, 0.1 mM Fe2+, and pH 3. 

Song et al. (Song et al., 2012) analyzed the deterioration of triclosan in the presence of 

H2O2 as an oxidizer and bismuth ferrite magnetic nanoparticles (BiFeO3 MNPs) as 

catalysts at pH 6.0 at ambient temperature. The inclusion of BiFeO3 MNPs (0.5 g/L) 

enhanced the triclosan elimination to 82.7% with the presence of H2O2. The addition of 

EDTA (0.5 mmol/l) resulted in almost complete triclosan degradation in 30 minutes. 

 
Luo et al., (2017) examined the efficiency of triclosan (TCS) transformation at 254 nm in 

the presence of H2O2. The effects of oxidant dose, TCS concentration, and pH were also 

investigated. When the H2O2 dose was 1 mmol/L, the measured pseudo-first-order rate 

constant for TCS breakdown was raised. However, when H2O2 concentrations were 

above 1 mmol/L, dropped as H2O2 dose due to the effects of radical scavenging by H2O2. 

 
Oztamer and Çokay (2017) evaluated the elimination of triclosan using the photo-Fenton 

technique and to detect the production of by-products following the oxidation. It has been 

found that the optimal combination of H2O2/Fe(II)/TCS for removing maximum amounts 

of triclosan (98.5%) within 60 minutes is 50/2/0.1. 

 
Peng et al., (2019) investigated the synthesis and characterization of iron nanoparticles 

employing Ginkgo biloba leaf extraxt as a green stabilising agent to produce the Fe/Co 
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bimetallic nanoparticles in order to eradicate triclosan from aqueous solution. The results 

obtained showed that the lower concentration of graphene oxide (GO) (2.0mg/L) exhibit 

significant effect on the triclosan degradation. It was reported that as the pH and starting 

TCS content were increased, the removal rate dropped. Removal of triclosan by 

Fe3+/H2O2 in aqueous GO showed 90% removal efficiency even at lower GO 

concentration. 

 
The electro-Fenton breakdown of Triclosan in aqueous solution was measured using a 

cylindrical vessel with polarization carbon cloth electrodes and a cation exchange resin. 

As a consequence, triclosan degradation was very efficient (above 95%), and the nature 

and magnitude of the ionic strength of the electrolytic solution had the strongest influence 

on the process, despite the reasonable effect of all variables and their interactions 

(García-Espinoza et al., 2019).Using Fe3O4 nanoparticles and PMS, So et al., (2019) 

investigated the removal of TCS. It is observed that complete degradation of triclosan 

within 60 minutes with optimum dosage of [TCS:PMS] at 1:25 and Fe3O4 dosage of 

0.750 g/L. 

 
2.4 DEGRADATION OF TRICLOSAN USING NANOPARTICLES 

 
For the removal of pollutants, the use of nanomaterials and nanocomposites will be a 

viable solution. Nanomaterials play a significant part in current research for the effective 

remediation of waste water. Because of nanoparticle’s unique properties, including high 

adsorption activity, reactivity, and environmental friendliness, nanotechnology has the 

potential to provide innovative solutions for environmental challenges. Many researchers 

have studied the application of nanoparticle for the degradation of triclosan. 

 
Under optimal experimental conditions, green synthesized bimetallic iron/nickel 

nanoparticles (Fe/Ni NPs) were used to effectively eradicate triclosan (TCS) with 

removal efficiencies of 75.8 percent. A pseudo second order kinetic equation (R2 > 

0.998) as well as the Freundlich isotherm (R2 > 0.905) fit pollutant adsorption well. In 

contrary, the degradation kinetics fitted a pseudo first order concept. As a result, TCS 
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removal demanded a mixture of adsorption and reduction techniques. Eventually, a 

triclosan removal method was established. Therefore, Fe/Ni NPs have the highest 

potential to reduce TCS in aqueous medium instantaneously in a variety of scenarios (Lin 

et al., 2019). 

 
Gao et al., (2019) examined the triclosan adsorption and degradation by Ginkgo biloba L. 

stabilized Fe/Co bimetallic nanoparticles. With 6.92 pH initial value, 5% Co loading, 

0.56 g/L NPs dosage, and 7.0 mg/L CO2, TCS removal efficiency reached 89.74% in 5 

min. Based on the results, pseudo-second-order kinetics were observed for the removal of 

TCS. 

 
Cusioli et al., (2021) examined triclosan adsorption using seed husks from Moringa 

oleifera Lam, which had been functionalized with iron oxide nanoparticles. The kinetic 

study found that the adsorption equilibrium reached in 600 minutes with an adsorptive 

capacity of 29.57 mg /g, and the best fit was the pseudo-first-order equation, and the 

isotherm models were altered in the Langmuir model, obtaining a peak capacity values of 

103.45 mg /g. 

 
A study conducted on sepiolite-supported bimetallic Fe/Ni (Sep-Fe/Ni) nanoparticles 

were used to remove triclosan. The triclosan removal was observed as 93.9% for 5 mg/L 

concentration of triclosan at a pH of 3.1 and the optimized dose of the Sep-Fe/Ni was 

2g/L (Ren et al., 2021). 

 
2.5 GREEN SYNTHESIZED NANOPARTICLES FOR THE POLLUTANT 

REMOVAL 

Green methods of micro-pollutant treatment are adopted as they are easier to extract from 

natural sources and are more effective than traditional methods of treatment. Green 

methods are the materials or components used in the treatment are taken from natural 

extracts like leaves, bio-enzymes, secondary metabolites and others. Various researches 

have been conducted until now whereby plant extracts as well as microbial extracts have 

been used in the development of nanoparticles like iron based or titanium dioxide based, 
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that can oxidize pollutants. The main reason for using green synthesized nanoparticles is 

because of their sustainability, cost-effective, higher level of efficiency in pollutant 

degradation, and reducing the time for reaction (Devatha et al., 2016; Shahwan et al., 

2011). The benefit of green synthesized nanoparticles is that they do not demand 

synthetic reducing agents, which are environmentally harmful. Additionally, such a 

technique eliminates the necessity of external capping and stabilizing chemicals. 

 
Iron nanoparticles possess excellent mechanical properties, are non-toxic, and also have a 

tendency to form oxides. Iron nanoparticles are also called magnetic nanoparticles due to 

their enormous surface area, high thermal stability, and magnetic properties (Arabi et al., 

2016). Iron is abundantly available, less expensive, and its magnetism feature has assisted 

in the synthesis of nanoparticles with enormous application potential in environment 

separation (Huber, 2005; Mondal et al., 2020). Green route approaches have reduced 

agglomeration, which has long been a concern in the chemical production of 

nanoparticles. The polyphenolic concentration and endogenous proteins, especially in 

leaf extracts and microbe synthesising, act as a stabilizer and coating agent over the 

formed nanoparticles, minimising aggregation. To ensure stability and homogenous 

particle size, the bulk of nanoparticles synthesized via green route approaches are 

typically retained in aqueous state at a certain pH (Bolade et al., 2020). 

 
Using green synthesized iron nanoparticles, Weng et al., (2020) studied synergic 

adsorption and Fenton like oxidation for simultaneous removal of ofloxacin and 

enrofloxacin. With an initial concentration of 50 mg/ L of ofloxacin and enrofloxacin and 

a dose of 0.8 g/L of iron nanoparticles at 25 °C, removal efficiencies of up to 91.8% 

(ofloxacin) and 90.7% (enrofloxacin) were achieved. 

 
Iron nanoparticles were synthesized using different leaf extracts from Mangifera indica, 

Murraya Koenigii, Azadiracta indica, Magnolia champaca, and Ferrous sulfate 

heptahydrate as a precursor. The effectiveness of treatment of domestic waste water was 

evaluated using the synthesized nanoparticles (Devatha et al., 2016). 
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Selvaraj et al (2021) analyzed the complete degradation of crystal violet dye in 270 

minutes by Fenton’s process using synthesized magnetic α–Fe2O3 nanospheres using 

Bridelia retusa leaf extract. Prabhakar et al. (2017) synthesized iron nanoparticles from 

extract of both marine and terrestrial weeds and evaluated their efficacy for nitrate and 

phosphate elimination in eutrophic wastewater treatment. Wang et al. (2014) created 

spheroidal 20-80 nm iron nanoparticles from dried eucalyptus leaves extract for eutrophic 

wastewater treatment. Approximately 71.7 percent of total nitrogen and 84.5 percent of 

COD were reduced from the wastewater during the investigation. 

 
Groiss et al. (2017) synthesized iron oxide nanoparticles from Cynometra ramiflora 

leaves extract and used them in the Fenton-like catalytic degradation of Rhodamine B in 

the presence of hydrogen peroxide. The breakdown period was lowered to 15 minutes 

when 1.11 mM nanoparticles were mixed with 2% hydrogen peroxide. This approach 

produced the lowest volume of sludge, rendering it preferable to certain other Fenton- 

catalyzed techniques. 

 
2.6 FENTONS OXIDATION PROCESS USING LATERITE IRON 

 
Laterite soil is abundantly available in India. Laterites soil is mainly composed of iron 

oxides (Fe2O3), aluminium oxides (Al2O3), quartz, and kaolinite. Alomg with these 

cobalt, nickel, and chromium, titanium oxide in a minor concentration (Chaturvedi and 

Katoch, 2020). Laterite soil is used as a source of iron in the Fenton’s oxidation process. 

The degradation of paracetamol (Manu and Mahamood, 2011), 2-aminopyridine (2-AP) 

(Karale et al., 2013), sodium azide ( Khataee and Pakdehi, 2014), azo dye (Khataee et al., 

2015), 2-Nitroaniline, 3-nitroaniline and 4-nitroaniline (Amritha and Manu, 2018), 

dicamba and ametryn (Bhaskar et al., 2019; Sangami and Manu, 2019) methylene blue 

(Bhaskar et al., 2022) were studied using laterite soil as a source of iron in the fenton’s 

oxidation process. 

 
In a study conducted by Khataee and Pakdehi (2014) a heterogeneous Fenton process 

with natural laterite as a catalyst was applied to the treatment of sodium azide aqueous 
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solution. Sodium azide was removed with 97% efficiency after 60 minutes with the 

optimum conditions (pH = 3, 1 g/L laterite, and 3 mmol/L H2O2). The C.I. Acid Red 17 

using calcined laterite soil as a source of iron was studied by a heterogeneous photo- 

Fenton-like process. (Khataee et al., 2015). At 120 minutes, heterogeneous photo-Fenton- 

like process was found to have the highest decolorization efficiency of 94.71%, compared 

to heterogeneous Fenton-like process. Iron extracted from laterite soil is used in Fenton 

and Photo-Fenton processes to degrade 2-aminopyridine (Karale et al., 2013). Maximum 

removal of 2-aminopyridine was observed at Photo-Fenton processes (100%) with initial 

concentration of 10mg/L and pH 3. Research shows Fenton and Photo-Fenton treatments 

using low-cost iron extracted from laterite soil can replace conventional ferrous salts in 

advanced oxidation processes. The removal of 2-Nitroaniline, 3-nitroaniline, and 4- 

nitroaniline were observed as 85.3%, 84.3%, and 98.7% respectively for 0.5 mM of 

initial concentration (Amritha and Manu, 2018). 

 
Sangami and Manu (2017) utilized eucalyptus leaf extracts to produce Fe nanoparticles. 

Instead of employing iron salts, the low-cost and locally abundant laterite was utilized as 

a source of iron. The X-Ray diffraction (XRD) results showed the existence of iron as 

meghemite (γ-Fe2O3), magnetite (Fe3O4), and zero valent iron (Fe0) iron hydroxides, 

hematite (Fe3O4). The results proved that derived iron particles demonstrated effective 

ametryn breakdown with rapid kinetics. 

 
In a study conducted by Sangami and Manu, (2019) ametryn, dicamba, and 2,4- 

Dichlorophenoxyacetic acid (2,4-D) were oxidized in water using the synthesized iron 

nanoparticles (FeNPs) as heterogeneous Fenton catalysts. An extract of Tectona Grandis 

was used to synthesize iron nanoparticles by locally available low-cost laterite soil, as an 

iron source. The presence of iron elements was confirmed by XRD and Fourier-transform 

infrared (FTIR) analysis. With optimal iron nanoparticles and oxidant concentrations of 

25.29 mgL-1 and 430 mgL-1, laterite-based nanoparticles significantly enhanced 

degradation efficiency by 100% in 135 minutes and >86% within 45 minutes. 
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Bhaskar et al., (2021) investigated ametryn and dicamba degradation efficiency of 

bioleached laterite iron (BLFe) was analyzed for its catalytic role in the Fenton's 

oxidation process. The degradation of 94.24% of ametryn and 92.45% of dicamba was 

observed at an optimum pH of 3. 

 
2.7 BIO-FENTON OXIDATION 

 
Bio-Fenton is a process in which the enzyme is added to nullify the addition of H2O2. The 

Bio-Fenton process produces hydroxyl radicals by releasing hydrogen peroxide from 

enzymatic reactions and reacting it with Fe2+ ions. This process is used to treat organic 

pollutants from industrial sources, like textile effluent and pesticide effluent. Biocatalyst 

concentration, substrate concentration, ferrous ions concentration, temperature, pH of the 

medium, pollutant concentration these are the important factors and conditions that 

influence the Bio-Fenton reaction (Kahoush et al., 2018). 

 
Ravi et al., (2020) examined the removal of trichloroethylene (TCE) using the Bio- 

Fenton process. TCE concentrations in aqueous solutions were almost 97% removed in 

30 minutes under pH 3.0 conditions under classical Fenton. It was found that by Bio- 

Fenton process, 61% removal of TCE in 30 minutes at pH 7 for aqueous solution and 

30.2% in groundwater was observed. . 

 
On the surface of the spherical Kissirises Titanium dioxide (TiO2) and Fe3O4 magnetite 

particles were coated and the glucose oxidase enzyme was immobilized on the same to 

enhance enzyme reusability and it is used as a catalyst. A heterogeneous bio-Fenton 

catalyst of 2 g /L has been used to achieve 99% decolorization of Malachite Green after 

120 minutes at pH 5.5, 20 mM glucose, and 40 °C (Elhami et al., 2015). 

 
The decolourization of Acid Blue 113 (AB 113) textile azo dye was investigated by 

Eskandarian et al., (2014) using Bio-Fenton process. Under constant temperature and 

shaking rate (160 rpm), AB 113 was degraded by 91 % in 1 hour at 0.2 mmol/L Fe2+, pH 

4, 0.02 mol/L glucose, and 3,000 U/L glucose oxidase activity. 
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Aber et al., (2016) studied the removal of Acid Yellow 12 using immobilization of 

glucose oxidase on Fe3O4 magnetic nanoparticles. 62.27% of decolourization was 

observed after 120minutes with the presence of 0.3 g immobilized enzyme (450 U/g) in 

100 cm3 solution at an optimum condition of pH= 4.5, temperature as 29 °C, initial 

glucose concentration of 1.5 g/L, and Fe+2 concentration of 1.4 g/L. 

The investigation done by Karimi et al., (2012) achieved 78% removal of malachite green 

dye during 120 minutes. From the study it was observed that as the concentration of dye 

increased the decolourization was decreased. The decolourization was increased with 

increase in concentrations of glucose with constant enzyme rate. 

 
2.8 SUMMARY OF THE LITERATURE REVIEW 

 
It consists of the exposure, occurrence, toxicity level, and environmental concern of 

triclosan. Many treatment methods like physical, chemical and biological methods for the 

degradation of triclosan was discussed in detail. Including that advanced oxidation 

process, Fenton’s process, nanoparticles, green synthesized nanoparticles for the removal 

of pollutant, and bio-Fenton’s process were discussed in detail. 

 
It consists of an introduction to the Endocrine Disrupting Compounds, pharmaceutical 

preparations active ingredients and personal care products, triclosan, and their effect on 

human and aquatic life. The effect of triclosan on human beings, animals and aquatic life 

is described in this. The treatment methods like physical, chemical, biological, Fenton’s 

oxidation, green synthesized nanoparticles, green synthesized laterite as a catalyst, and 

bio-Fenton process were discussed in detail. 

 
For environmental protection, it is essential to prevent and treat TCS contamination, 

despite its increasing attention. Therefore it is necessary to remove the triclosan which is 

present in wastewater before disposing of it in water bodies or soil. The treatment 

methods which were discussed to degrade triclosan have limitations. In the adsorption 

process, a large quantity of residue will be formed. Hence it is necessary to provide 

further treatment. Though the toxicity level is high biodegradation is one of the 
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limitations, hence it is necessary to provide pretreatment. Ozone and UV-H2O2 treatment 

are more efficient and reliable than Fenton's treatment in AOPs, but it is more expensive 

since UV lamps consume a lot of energy. Many researchers have concluded that 

heterogeneous Fenton’s oxidation can degrade triclosan. Green synthesized nanoparticles 

application in the Fenton process showed the better results for the degradation of organic 

contaminants. Using laterite soil as a source of iron instead of iron salts have reduced the 

addition of extra sulfates and chlorides to the treatment system. Various nanoparticles 

were synthesized using both Psidium guajava and Makaranga peltata leaf extract and 

used to degrade dyes and organic pollutants. Laterite has many advantages like 

temperature resistivity, non-toxic, economical and its availability. Hence it can be used as 

a precursor. 
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CHAPTER 3 

MATERIALS AND METHODS 

3.1 MATERIALS 

 
A detailed experimental methodology implemented in this present investigation was 

described in this chapter. The chemicals used for the synthesis, and determination of iron, 

and hydrogen peroxide are listed below. The procedure adopted for the green synthesis of 

nanoparticles from leaf extract was presented in detail. The Characterization of the 

synthesized iron nanoparticles has been analyzed. Morphological characterization like the 

size and shape of synthesized nanoparticles was confirmed by Fourier Emission Scanning 

Electron Microscopy (FESEM) with Energy Dispersive X-Ray Analyzer (EDS). The 

functional group of the nanoparticles was identified with Fourier-transform infrared 

spectroscopy (FTIR). The mineral phase identification of synthesized nanoparticles was 

carried out with X-ray diffraction (XRD). The surface area, pore size, and pore volume 

were analyzed by BET (Brunauer–Emmett–Teller) surface area analysis. The synthesized 

nanoparticles were used to degrade the triclosan in wastewater. The experimental method 

and analytical procedure to degrade the Triclosan using the conventional Fenton process 

and by Bio-Fenton process are explained in detail. 

 
3.1.1 List of Chemicals Utilized 

 
The chemicals used for the synthesis of nanoparticles and triclosan removal were 

analytical grade reagents. Triclosan (≥97.0%) was procured from Sigma Aldrich. 

Sulphuric acid was procured from Merck India which is used to adjust the pH. 

Hydrochloric Acid, Hydrogen peroxide, Sodium thiocyanate, potassium thiocyanate, 

titanium sulfate, 1-10 phenanthroline, ferrous ammonium sulfate, and Sodium carbonate 

were purchased from Merck India. Glucose oxidase (GOD) from Aspergillus niger was 

purchased from Himedia. 
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3.1.2 Raw Laterite Soil Sample 

 
Raw laterite soil was collected from the National Institute of Technology Karnataka 

(NITK), Surathkal, India. Soil samples were collected at a depth of 200 cm from the 

surface. To know the morphology, chemical characteristics, and mineralogy the analysis 

of the raw laterite soil was conducted. 

 

Figure 3.1 Location of Raw Lateritic soil sample 
 

3.2 METHODOLOGY 

 
3.2.1 Extraction of Iron from Laterite Soil 

 
Laterite soil collected from NITK Campus was dried and crushed to powder.   The soil 

was then passed through a 150µ sieve. 1g of sieved soil was taken in a glass beaker and 

20 ml of 1:1 water and hydrochloric acid (HCl) was added. The solution was mixed 

gently and was kept for heating on a sand bath for maximum evaporation till a residue 

formed at the bottom of the beaker. The residue left was baked in an oven for 1 h. Again 

for the dried residue, 20ml of 1:1 water: HCl was added and heated for 1min, followed by 

the addition of 20ml hot distilled water. The solution was filtered through a Whatman 

filter paper (No. 42). The residue left over in the filter paper is ignited in a muffle furnace 

at a temperature of 650 oC and the residue left was considered silicon dioxide. The 

obtained filtrate is a mixture of aluminum and iron oxide and other traces of elements. 
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The filtrate is diluted to 250 ml and 50% of the liquid was used to obtain Al2O3 and Fe2O3 

and the remaining sample was used for the extraction of iron (IS 2720 (Part- XXV) – 

1982). 

 
3.2.2 Preparation of Leaf Extract 

 
Psidium guajava and Macaranga peltata leaves were washed with distilled water and 

dried for 2 days in an oven at a temperature of 40 oC. The dried leaves were crushed and 

ground into powder form. 2.5g of leaf powder was mixed separately with 100 mL of 

double distilled water taken in a beaker at 80 oC while being continuously stirred for 30 

min. Both the solution was allowed to cool to room temperature then filtered using 

Whatman filter paper and stored at 4 oC for further use (Hussien et al., 2017). 

3.3 SYNTHESIS AND CHARACTERIZATION OF IRON NANOPARTICLES 

 
The iron nanoparticles were prepared by adding laterite extract as a precursor to the 

obtained leaf extract in the ratio of 1:1. Formation of black precipitation indicates the 

synthesis of iron nanoparticles. Then the solution was centrifuged at a speed of 8000 rpm 

for 15 min. Nanoparticles settled at the bottom after centrifugation and were collected 

and dried in an oven at 60 oC for 10 h. Dried nanoparticles were stored in an airtight 

container for further use. 

 

 
Figure 3.2. Green synthesized laterite iron nanoparticles (a) Psidium guajava leaf 

extract (b) Macaranga peltata leaf extract (c) Laterite extract (d) 

Synthesized nano iron particles 
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3.4 ANALYTICAL METHODS 

 
The concentration of triclosan was measured using High-performance liquid 

chromatography (HPLC) Agilent 1200 with a C18 reverse phase column (pore size 3.5 

μm, 100 × 0.46 cm), using water and methanol (in the ratio of 58:42) as mobile phase 

injected with a flow rate of 1.0 ml/min employing diode array detector (DAD) (Anupama 

and S. Shrihari 2018; Bhaskar et al., 2019). Digital pH meter was used to measure the pH 

(Hanna make). Ferric iron was measured by potassium thiocyanate method using UV - 

Vis spectrophotometer (Mellon and Woods, 1941). The ferrous iron was measured using 

phenanthroline method UV visible spectrophotometer. Total iron concentration was 

measured by 1,10 phenonthroline method using UV-Spectophotometer (Mellon and 

Woods, 1941). H2O2 was measured using UV-spectrophotometer (Eisenberg, 1943). 

 
3.5 FENTON’S OXIDATION OF TRICLOSAN 

 
Catalytic potential of Green Laterite based Iron Nano Particles (GLFeNP’s) in the 

Fenton’s oxidation of Triclosan was evaluated. The stock solution of Triclosan of 1 g/L 

was prepared to carry out the experiment. A working Triclosan solution with the desired 

concentration in the range of 2 -10 mg/L was taken in a conical flask and the pH was 

adjusted using 1N H2SO4 or 1N NaOH. Synthesized nanoparticles were added to the 

conical flask and were kept in a shaker for 10 minutes at 180 rpm to ensure proper 

mixing. H2O2 was then added to the solution to mark the start of the experiment. Samples 

were drawn at regular intervals for the analysis during which 1ml of sodium thiosulphate 

was to halt the reaction (Khan et al., 2009). All the experiments were conducted in 

triplicates. 

 
3.6 BIO-FENTON’S OXIDATION OF TRICLOSAN 

 
The Triclosan concentration of 2 mg/L was taken in a conical flask, using 1N H2SO4 or 

1N NaOH the pH was adjusted. The optimized dose of Green Laterite based Iron Nano 

Particles (GLFeNP’s) were added to the conical flask maintaining a speed of 180 rpm. 
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The effect of pH (3, 5.5 and 7) was studied for the degradation of triclosan. Then the 

desired dose of glucose and glucose oxidase was added to the same to start the 

experiment. Samples were drawn at regular intervals for the analysis during which 1ml of 

sodium thiosulphate was to halt the reaction (Khan et al., 2009). All the experiments were 

conducted in triplicates. 

 
3.6.1 Production of Hydrogen Peroxide Based on Enzyme Activity 

 
As glucose concentrations were varied from 0.5 to 2 g/L with an increment of 0.5 g/L, 

different concentrations of GOD were used to determine the optimal conditions for H2O2 

production. An orbital shaker at 180 rpm was used in these experiments for 48 hours 

during which samples were collected periodically. Results are based on the average of the 

three experiments with a standard deviation of less than 5%. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

The nanoparticles were synthesized from laterite and leaf extract and are characterized 

are discussed in detail which is used as a catalyst. The laterite soil is used as a source of 

iron instead of commercially available iron salts for the green synthesis of iron 

nanoparticles. The experimental investigation was carried out. The studies were 

conducted on pH, H2O2, and synthesized nanoparticles dosages for maximum triclosan 

degradation. Chemical reaction kinetic constants are calculated based on kinetic analysis 

of triclosan degradation. Bio-Fenton’s oxidation studies were carried out for the 

optimized condition. To ignore the addition of hydrogen peroxide, the bio-Fenton process 

was studied for the optimized condition of the conventional Fenton process. 

 
4.1 CHARACTERIZATION OF RAW LATERITE SOIL 

 
The chemical composition and morphological characteristics of raw laterite soil were 

analyzed and reported. Table 4.1 shows the chemical composition of raw laterite soil. 

Figure 4.1 (a) and Figure 4.2 presents the SEM and XRD images of raw laterite soil, 

respectively. It is estimated that the raw laterite soil has a high iron content of 45.75 % 

indicating the richness of the iron content in it (Khataee et al., 2015). This iron content in 

the raw laterite soil was used for the synthesis of nano iron oxide particles. In the raw 

laterite soil, elements such as aluminum, silica, and oxygen are also present. The XRD 

plot confirms the presence of iron oxide with sharp peaks in the raw laterite soil. It 

exhibits six peaks at 2θ 12.401, 18.347, 21.448, 26.690, 35.7446, and 78.21 

corresponding to iron oxide (PDF: 01-079-0007) and two peaks at 2θ 33.189 and 59.988 

which corresponds to iron hydride (PDF: 00-043-1321) (Kasthurba et al., 2008; Sangami 

and Manu, 2017a). 
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a) b) 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4.1. Raw Laterite Particles a) Scanning Electron Microscopic images b) EDS 

images 

Figure 4.1(b) shows an EDS plot of raw laterite soil, the peak presents the presence of 

oxygen, iron, aluminium, silica, and other elements in traces (Sangami and Manu, 

2017a). Raw laterite soil was found to have 32.3% of iron by weight. Table 4.1 presents 

the elemental composition of raw laterite soil. The total iron content of the laterite iron 

extract was found to be 5.02 g/L. 

 
Table 4.1 Chemical composition of Raw Lateritic soil 

 
Element Weight (%) 

Iron oxide (Fe2O3) 45.75 

Aluminium Oxide (Al2O3) 19.7 

Silica (Si2O3) 24.2 

Others 10.35 
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Figure 4.2 XRD Images of Raw Laterite Particles 
 

4.2 CHARACTERIZATION OF GREEN LATERITE-BASED IRON 

NANOPARTICLES (GLaFeNPs) 

The mineralogical composition, morphological appearance, surface area, pore volume, 

and functional group of the green synthesized laterite-based iron nanoparticles 

(GLaFeNPs) were investigated. The green synthesized laterite-based iron nanoparticles 

using Psidium guajava are represented as Psidium guajava Laterite Iron Oxide Nano 

Particles (GPsLaNP) and the green synthesized laterite-based iron nanoparticles using 

Macaranga peltata leaves are represented as green synthesized Macaranga peltata 

Laterite Iron Oxide Nanoparticles (GMpLaNP) respectively. 

 
4.2.1 Characterization of Synthesized GLaFeNPs 

 
On morphological characterization, iron nanoparticles were seen as agglomerated 

spherical particles arranged in the group for GPsLaNP and agglomerated spherical 

particles with a clear edge for GMpLaNP under the scanning electron microscope. The 

scanning electron micrographic images of GPsLaNP and GMpLaNP are shown in Figure 
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4.3 (a) and Figure 4.3 (b) respectively. Table 4.2 presents the elemental composition of 

both GPsLaNP and GMpLaNP. GPsLaNP were found to have 27.6% iron by weight with 

potassium and chlorine being other elements in trace quantities and GMpLaNP were 

found to have 19.0% iron by weight with chlorine, potassium, phosphate, silica, and 

aluminum being other elements in a trace. The EDS image representing the elemental 

compositions of both GPsLaNP and GMpLaNP are shown in Figure 4.4 (a) and Figure 

4.4 (b) respectively. Iron oxide was likely formed in both leaf extracts because Fe and O 

peaks were observed (Madubuonu et al., 2020; Somchaidee and Tedsree, 2018). 

 
Table 4.2: Elemental composition of GPsLaNP and GMpLaNP 

 
 

 
 

Elements 

Psidium guajava Laterite Iron 

Oxide Nano Particles 

(GPsLaNP) 

(Weight %) 

Macaranga peltata Laterite Iron 

Oxide Nanoparticles 

(GMpLaNP) 

(Weight %) 

O 66.7 68.2 

Fe 27.6 19.0 

Cl 5.1 2.7 

K 0.7 1.0 

P - 5.0 

Si - 2.9 

Al - 1.2 
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a) b) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.3 Scanning Electron Microscopic images of Green laterite Iron oxide 

Nanoparticles (GLaFeNPs) a) Psidium guajava Laterite Iron Oxide 

Nanoparticles (GPsLaNP) b) Macaranga peltata Laterite Iron Oxide 

Nanoparticles (GMpLaNP) showing the morphological appearance 

 

 

Figure 4.4 EDS images of Green laterite Iron oxide Nanoparticles (GLaFeNPs) 

a)Psidium guajava Laterite Iron Oxide Nanoparticles (GPsLaNP) 

b)Macaranga peltata Laterite Iron Oxide Nanoparticles (GMpLaNP) 

Covering the 2θ angle from 2–100◦ X-ray diffraction measurements were performed at 

room temperature. The XRD images of both GPsLaNP and GMpLaNP are shown in 

Figure 4.5 (a) and Figure 4.5 (b) respectively. The synthesized GPsLaNP formed four 

peaks at 2θ 18.315, 35.487, 57.010, and 62.624 corresponding to magnetite (PDF: 01- 

089-0691), one peak at 2θ 30.336 corresponds to magnesium aluminium iron oxide
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(PDF: 01-071-1234) and another one peak at 2θ 43.116 corresponds to copper zinc iron 

oxide (PDF: 01-077-0012) (Shahwan et al., 2011; Wang et al., 2014). The XRD images 

of synthesized GMpLaNP exhibit a total of eight peaks at 30.161, 74.2249, 35.54, 

62.6638, 35.5184, 43.1402, 53.5493 and 63.6638 corresponding to two peaks at 2θ 

30.161 and 74.2249 corresponds to iron silicon oxide (PDF: 01 – 052 – 1140), three 

peaks at 2θ 35.54, 62.6638 and 74.2249 corresponds to magnetite (PDF: 01 – 088 – 

0315) and four peaks at 2θ 35.5184, 43.1402, 53.5493 and 63.6638 corresponds to 

magnesioferrite (01 – 088 – 1937) (Afsheen et al., 2018; Shahwan et al., 2011; Wang et 

al., 2014). This indicates the presence of iron particles in the synthesized GLaFeNPs. 

 

 
Figure 4.5 XRD  Images of Green laterite Iron oxide Nanoparticles(GLaFeNPs) 

a) Psidium guajava Laterite Iron Oxide Nanoparticles (GPsLaNP) 

b) Macaranga peltata Laterite Iron Oxide Nanoparticles (GMpLaNP) 

representing the corresponding peaks 

The fourier-transform infrared spectroscopy (FTIR) technique was used to recognize the 

functional groups, present in the synthesized nanoparticles. From Figure 4.6 (a), it is 

observed that the FTIR spectra of the GPsLaNP show strong bands at 3323.22, 1640.56, 

and 525.47 respectively. The peak of 3323.22 corresponds to carbon-to-hydrogen
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stretching (C-H), 1640.56 corresponds to carbon-to-carbon double bond stretching 

(C=C), 525.47 corresponds to iron-to-oxygen bonding (Fe-O) confirming the formation 

of iron oxide nanoparticles (Anitha et al., 2021; Devatha et al., 2016). Figure 4.6 (b) 

presents the FTIR spectrum of synthesized GMpLaNP, in which peak 3331.43 

corresponds to a secondary amine group (N-H), peak 1638.00 corresponds to double 

bond stretching (C=C), peak 511.11 corresponds to iron to oxygen bonding (Fe-O), 

confirming the formation of iron oxide nanoparticles (Devatha et al., 2016; Selvaraj et al., 

2021). 

 

 
Figure 4.6 FTIR Images of Green laterite Iron oxide Nanoparticles(GLaFeNPs) 

a) Psidium guajava Laterite Iron Oxide Nanoparticles (GPsLaNP) 

b) Macaranga peltata Laterite Iron Oxide Nanoparticles (GMpLaNP) 

representing the corresponding peaks 

According to the BET surface area analysis, the surface area and pore volume of 

GPsLaNP are found to be 11.76m2/g and 0.02409 cm3/g and GMpLaNP are 11.707 m2/g 

and 0.241 cm3/g respectively. The surface area of the obtained GLaFeNPs is two times 

greater than that of commercially available Fe2O3 (Ahmmad et al., 2013). 
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4.3 FENTON’S OXIDATION OF TRICLOSAN 

 
To optimize the reaction conditions a detailed study was carried out. The Parameters like 

the concentration of Triclosan, pH, the dosage of synthesized nanoparticles, and the 

dosage of hydrogen peroxide were considered for the optimization process. For the 

degradation of Triclosan synthesized iron nanoparticles were used. The laterite is used as 

a precursor with Psidium guajava and Makaranga peltata leaf extract instead of 

commercially available iron salts for the synthesis of nanoparticles. Initially, the known 

quantity of catalyst was added to the solution. Later the required dose of H2O2 was added 

to the same after 10 minutes. After adding the H2O2 to the solution, the degradation of the 

Triclosan was initiated. 

 
4.3.1 Fenton’s Degradation of Triclosan by GPsLaNP 

 
This study investigated the degradation of triclosan using GPsLaNP as a catalyst in 

heterogeneous Fenton-like processes, varying the GPsLaNP dose from 0.01 to 1 g/L. The 

catalytic action of GPsLaNP with hydrogen peroxide was found in the degradation of 

triclosan. The triclosan concentration was varied from 2 – 10 mg/L with an increment of 

2 mg/L. The maximum removal was observed at 2 mg/L of triclosan concentration. The 

degradation of triclosan using different dosage of GPsLaNP is presented in figure 4.7. 

The degradation of triclosan using GPsLaNP with different catalyst loading is presented 

in Table 4.3. Maximum triclosan removal was found to be 96.5% for GPsLaNP at a 

catalyst dosage of 1.0 g/L and hydrogen peroxide dosage of 300 mg/L with a rate 

constant of 0.0226/Min. Degradation efficiency observed with 0.01 g/L and 400 mg/ L of 

H2O2 was 47.5% and with 0.1 g/L and 200 mg/ L of H2O2 was 69.5% with rate constant 

0.006/ Min and 0.0081/ Min respectively. It is observed that the increase in the catalyst 

dose of GPsLaNP from 0.01g/ L to 0.1 g/L has an increase in the removal efficiency by 

22% and 0.1g/L to 1g/L has an increase in the removal efficiency of 27.0% respectively. 

Also, the k value increased as the dosage of the nanoparticle increased. The present study 

confirms the active participation of synthesized nanoparticles in the degradation of 

Triclosan by Fenton’s oxidation. Triclosan is degraded by hydroxyl radicals that are 
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generated while hydrogen peroxide is dissociated through the oxidation and reduction of 

iron catalysts. An increase in catalyst load is more useful than increasing hydrogen 

peroxide since iron will increase the speed of the reaction by promoting the generation of 

more hydroxyl radicals in less time (Andrades et al., 2021; Khataee et al., 2015). The rate 

of oxidation depends on the dissolution rate of ferrous ion that has leached out from the 

nanoparticles while adsorption on the surface of the catalyst also contributes to the 

removal rate. It is the amount of addition of catalyst that indicates the adsorption part of 

heterogeneous Fenton’s oxidation that in turn contributes to the maximum removal of the 

target compound in the process. This is supported by previous studies (Bhaskar et al., 

2019; Chen et al., 2017). 

 
Table 4.3: Degradation of triclosan by GPsLaNP with different catalyst loading 

 
 

Catalyst 

Loading 

(g/L) 

H2O2 

Dosage 

% Removal 

of TCS 

Rate 

Constant 

/Min 

 
 

0.01 

100 40 0.0038 

200 43 0.0046 

300 37.5 0.0036 

400 47.5 0.006 

 
 

0.1 

100 44.1 0.0033 

200 69.5 0.0081 

300 45.5 0.004 

400 48 0.0046 

 
 

1 

100 82 0.011 

200 77.5 0.0089 

300 96.5 0.0226 

400 84 0.0127 
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Figure 4.7: Oxidative degradation of Triclosan at different GPsLaNP dosages with 

variation in H2O2 a) 100 mg/L of H2O2 b) 200 mg/L of H2O2 c) 300 

mg/L of H2O2 d) 400 mg/L of H2O2 

 
4.3.2 Fenton’s Degradation of Triclosan by GMpLaNP 

 
In this study, GMpLaNP loading of 0.01-1.0 g/L was studied to determine the effects of 

catalyst loading on the degradation of 2 mg/L of triclosan concentration. Figure 4.8 

presents the oxidative degradation of triclosan using GMpLaNp. The degradation of 

triclosan using GMpLaNP is presented in Table 4.4 for 0.01, 0.1 and 1 g/L. It is observed 

that the increase in the catalyst dose of GMpLaNP from 0.01g/ L to 0.1 g/L has an 

increase in the removal efficiency of 27% from 0.1g/L to 1g/L has an increase in the 

removal efficiency of 29.1% respectively. The present study confirms the active        
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participation of synthesized nanoparticles in the degradation of triclosan by Fenton’s 

oxidation. It is observed that an increased catalyst load is more beneficial than increasing 

hydrogen peroxide since iron promotes the generation of more hydroxyl radicals in a 

shorter period, thereby increasing the speed of the reaction (Andrades et al., 2021; So et 

al., 2019). The rate of oxidation depends on the dissolution rate of ferrous ion that has 

leached out from the nanoparticles while adsorption on the surface of the catalyst also 

contributes to the removal rate. It is the amount of catalyst addition that indicates the 

adsorption part of heterogenous Fenton’s oxidation that in turn contributes to the 

maximum removal of the target compound in the process. This is supported by previous 

studies (Bhaskar et al., 2019; Chen et al., 2017; Bhaskar et al., 2020). 

 
Table 4.4: Degradation of triclosan by GMpLaNP with different catalyst loading 

 
 

Catalyst 

Loading 

(g/L) 

H2O2 

Dosage 

% Removal 

of TCS 

Rate 

Constant 

/Min 

 
 

0.01 

100 43 0.0037 

200 40.5 0.0041 

300 30.5 0.0027 

400 26.5 0.0023 

 
 

0.1 

100 60 0.007 

200 58.5 0.0074 

300 63 0.0073 

400 70 0.0087 

 
 

1 

100 84.5 0.0144 

200 82.5 0.0122 

300 99.1 0.0356 

400 86 0.015 
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Figure 4.8: Oxidative degradation of Triclosan at different GMpLaNP dosages with 

variation in H2O2 a) 100 mg/L of H2O2 b) 200 mg/L of H2O2 c) 300 mg/L 

of H2O2 d) 400 mg/L of H2O2 

 
4.3.3 Effect of Hydrogen Peroxide on Fenton’s Oxidation of Triclosan 

 
The effect of hydrogen peroxide concentration on the GLaFeNPs is discussed below. The 

maximum degradation was achieved at 1g/L of GPsLaNP at pH 3 and an initial triclosan 

concentration of 2 mg/L. The hydrogen peroxide concentration was varied from 100 to 

400 mg/L to optimize the H2O2 concentration. The concentration of H2O2 also has a 

significant impact on the degradation efficiency of pollutants in Fenton’s oxidation
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process, because H2O2 concentration directly determines the generation of hydroxyl 

radicals. 

 
4.3.3.1 Effect of Hydrogen Peroxide on GPsLaNP 

 
The radicals are generated from hydrogen peroxide in Fenton's Oxidation. The 

oxidization of pollutants and their intermediates is done by the hydroxyl radicals and 

helps in the reduction of pollutants. According to Figure 4.10, the triclosan removal 

efficiency increased rapidly from 82.5% to 96.5% when the H2O2 concentration increased 

from 100 mg/L to 300 mg/L. This may be because of the less production of OH radicals 

at the lower concentration of H2O2 as represented by the reaction shown in equation 4.1. 

When the concentration of H2O2 increased to 400 mg/L again the removal efficiency was 

reduced. It may be because of the scavenging effect of OH radicals according to the 

reactions (Eq. 4.2 and Eq. 4.3) (Chu et al., 2012). 

 
H2O2 + •OH → H2O + •OOH (4.1) 

 
•OOH + •OH → H2O + O2 (4.2) 

 
•OH + •OH → H2O2 (4.3) 

 
Table 4.5: Maximum degradation of triclosan by GPsLaNP 

 
 

Catalyst 

Loading 

(g/L) 

H2O2 

Dosage 

% Removal 

of TCS 

Rate 

Constant 

/Min 

0.01 400 47.5 0.006 

0.1 200 69.5 0.0081 

1 300 96.5 0.0226 
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The degradation of triclosan with different concentrations of H2O2 is shown in Figure 4.9. 

The maximum degradation of triclosan observed at different H2O2 concentrations is 

presented in Table 4.5. Degradation of triclosan is less in the presence of 100 mg/L, 200 

mg/L, and 300 mg/L with 1 g/L GPsLaNP. This is likely due to insufficient OH radicals 

in the aqueous solution. It is observed that the highly reactive OH radicals are scavenged 

by a higher concentration of H2O2, while the less reactive OOH radicals are generated by 

the increased H2O2. 

 
 

 
Figure 4.9: Effect of Hydrogen Peroxide during Fenton’s oxidation of Triclosan 

with GPsLaNP at a) 0.01 g/L b) 0.1 g/L c) 1 g/L 
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4.3.3.2 Effect of Hydrogen Peroxide on GMpLaNP 

 
Hydrogen peroxide decomposition produces hydroxyl radicals, which are oxidizing 

species that are necessary for the Fenton-like process. The effect of hydrogen peroxide 

with different GMpLaNP dosages is shown in figure 4.10. With the increase in H2O2 

dosage from 100 mg/L to 300 mg/L, the removal efficiency was 15.5% higher, with a 

double rate constant indicating that H2O2 was more readily dissociated with GMpLaNP. 

With a further increase of 400 mg/L, the rate of hydrogen peroxide variation during 

Fenton's oxidation of triclosan with GMpLaNP is shown in Figure 4.10 (c) in which the 

rate constant of GMpLaNP dropped to 0.0160/Min with a removal efficiency of 86%, 

indicating a scavenging effect. As a result of continuous dissociation during the treatment 

process, the concentration of hydrogen peroxide decreases until 120 minutes (Kuang et 

al., 2013). The maximum removal of triclosan with H2O2 dosage is presented in Table 

4.6. Increasing the H2O2 dosage to 400 mg/L decreased the removal efficiency by 16.5%, 

indicating a flushing effect of H2O2. Initially, the removal of triclosan by 100 mg/L H2O2 

was observed to be 60% with a rate constant of 0.007/min. A further increase in H2O2 

decreased the removal rate by 1.5% at 200 mg/L. Increasing H2O2 again from 200 to 400 

mg/L increased the removal rate by 11.5%. This may be because of the availability of an 

insufficient amount of OH radicals for the dissociation of the pollutant. It is to note that 

there is a decrease in the concentration of hydrogen peroxide till 120 mins indicating its 

continuous dissociation during the treatment process. 

 
Table 4.6: Maximum degradation of triclosan by GMpLaNP 

 
 

Catalyst 

Loading 

(g/L) 

H2O2 

Dosage 

% Removal 

of TCS 

Rate 

Constant 

/Min 

0.01 100 43 0.0037 

0.1 400 70 0.0087 

1 300 99.1 0.0356 
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Figure 4.10: Effect of Hydrogen peroxide during Fenton’s oxidation of Triclosan 

with GMpLaNP at a) 0.01 g/L b) 0.1 g/L c) 1 g/L 

 
4.3.4 Effect of Initial Concentration of Triclosan on Fenton’s Oxidation 

 
The initial concentration of Triclosan was taken as 2mg/L and varied up to 10mg/L with 

an increment of 2mg/L. It is important to notice that degradation efficiency varies with an 

organic pollutant's initial concentration. The maximum removal of Triclosan was 

observed at 2mg/L of Triclosan concentration using GLaFeNPs. This indicates as the 

concentration of the pollutant increases the removal rate gets decreased. 
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4.3.4.1 Effect of Initial Concentration of Triclosan on Fenton’s Oxidation Using 

GPsLaNP 

Maximum removal was observed at 2 mg/L of initial triclosan concentration for both 

GPsLaNP and GMpLaNP. This marks the resistance of triclosan for the Fenton’s 

degradation as the concentration of the target compound increases. Figure 4.11 shows the 

effect of the initial concentration of triclosan on Fenton oxidation with different doses of 

GPsLaNP. Table 4.7 presents the maximum degradation of triclosan for various initial 

triclosan concentrations using GPsLaNP. 

 
Table 4.7: Degradation of initial concentration of triclosan by GPsLaNP 

 
 

Catalyst 

Loading 

(g/L) 

Initial Concentration of 

TCS (g/L) 

% Removal of 

TCS 

H2O2 

Dosage 

 
 
 

0.01 

2 47.5  
 
 

400 

4 40 

6 35.8 

8 34.7 

10 33 

 
 
 

0.1 

2 69.5  
 
 

200 

4 62 

6 56.8 

8 54.8 

10 50.5 

 
 
 

1 

2 69.5  
 
 

300 

4 62 

6 56.8 

8 54.8 

10 50.5 
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The removal was gradually decreased with the increase in the initial triclosan 

concentration as shown. The results indicate that when the pollutant concentration is 

increased there will be a reduction in the removal rate (Anupama and Shrihari S, 2018; 

Orhon et al., 2017). 

 
 

 
Figure 4.11: Effect of Initial concentration of Triclosan during Fenton’s oxidation 

with Psidium guajava Laterite Iron Oxide Nanoparticles (GPsLaNP) 
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4.3.4.2 Effect of Initial Concentration on Fenton’s Oxidation Using GMpLaNP 

 
The removal of triclosan at a different initial concentration of triclosan by GMpLaNP is 

shown in Figure 4.12. Table 4.8 shows the maximum triclosan degradation for different 

initial triclosan concentrations using GMpLaNP. It is observed that when the 

concentration of the pollutant is increased, there is a decline in both the removal 

efficiency and k value. 

 
Table 4.8: Degradation of Initial concentration of triclosan by GMpLaNP 

 
 

Catalyst 

Loading 

(g/L) 

Initial Concentration 

of TCS (g/L) 

% Removal of 

TCS 

H2O2 

Dosage 

 
 
 

0.01 

2 43  
 
 

100 

4 41 

6 38.8 

8 35.2 

10 30 

 
 
 

0.1 

2 70  
 
 

400 

4 64.8 

6 60.5 

8 57.9 

10 52.5 

 
 
 

1 

2 99.1  
 
 

300 

4 87.9 

6 85.5 

8 80.1 

10 77 
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For GMpLaNP, maximum removal was observed with a 2 mg/L initial concentration of 

triclosan while with 4 mg/L, 6 mg/L, 8 mg/L, and 10 mg/L the degradation was gradual 

and considerably low. It is observed that as the concentration increases the removal 

efficiency decreased, also there is a decline in the rate constant value (Manu and 

Mahamood, 2011). 

 
 

 
 

Figure 4.12: Effect of Initial concentration of Triclosan during Fenton’s oxidation 

with Macaranga peltata Laterite Iron Oxide Nanoparticles 

(GMpLaNP) 
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4.3.5 Effect of pH on Fenton’s Oxidation of Triclosan 

 
In Fenton’s oxidation treatment regulation of pH is very much essential. Fenton's 

oxidation processes are influenced by the pH of the solution, which affects the hydroxyl 

radical production rate and Fe2+ concentration. The different values of pH varied from 3 

to 5 were considered for the investigation for the optimization. 

 
A range of pH values from 3 to 5 is used for the oxidation experiments with initial 

triclosan concentrations of 2mg/L, H2O2 = 300 mg/L, and synthesized nano iron as 1 g/L. 

The maximum removal was observed at pH 3. Many studies have proved that the 

removal of organic contaminants is higher at pH 3 in Fenton’s oxidation process 

(Chaturvedi and Katoch, 2020; Khataee and Pakdehi, 2014). 

 
 

 
Figure 4.13: Effect of pH during Fenton’s oxidation with a) Psidium guajava 

Laterite Iron Oxide Nanoparticles (GPsLaNP) b) Macaranga peltata 

Laterite Iron Oxide Nanoparticles (GMpLaNP) 

As the pH increases the degradation of triclosan decreases as shown in Figure 4.13 (a) 

and Figure 4.13 (b) for green synthesized laterite-based Psidium guajava nanoparticles 

and green synthesized laterite-based Macaranga peltata nanoparticles respectively. The 
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degradation of triclosan at different pH using GLaFeNP is presented in Table 4.9. At pH 

4 and pH 5, the degradation rate was lesser when compared to pH 3 that is because the 

number of active sites decreases as there is an increase in pH. At higher pH, the 

adsorption process takes place, and the generation of •OH radicals is reduced due to the 

formation of ferric hydroxide complexes, which prevent further reactions (Kuang et al., 

2013; Sangami and Manu, 2017). 

 
Ferrous ions are reported to be produced more rapidly at an acidic pH of 3 for GLaFeNP 

(Shahwan et al., 2011). The hydrated ferrous irons get transformed into the colloidal 

ferric species forming the ferric hydroxyl complexes at a more neutral pH range. The 

efficiency gets reduced as the pH gets increases. The pH got varied from 3.0 to 4.4 which 

favored the oxidation process forming the hydroxyl radicals. (Burbano et al., 2005; Kang 

and Hwang, 2000). A rise in pH has been detected as a result of ferrous oxidation and 

ferric precipitation and thereby reducing the treatment efficiency. 

 
Table 4.9: Maximum degradation of triclosan at various pH 

 
 

 
GLaNP 
(1 g/L) 

 
% Removal of TCS 

pH 3 pH 4 pH 5 

GPsLaNP 96.5 75.5 65.5 

GMpLaNP 99.1 65.5 59 

 

 
4.3.6 Effect of Treatment Time on Fenton’s Oxidation of Triclosan 

 
In the generation of •OH radicals time also plays an important role in the reaction. The 

reaction time was varied from 10 to 120 minutes in the present study with the optimum 

conditions of pH = 3, GLaFeNPs = 1 g/L, and H2O2 = 300mg/L. The maximum 

degradation occurs within 20 minutes for GPsLaNP and the degradation follows 

gradually till 120 minutes for the GMpLaNP. Through the process, ferrous iron
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concentrations have decreased with GPsLaNP, while ferric iron concentrations have 

increased. Iron stays in ferric form for the first 20 minutes of the treatment when using 

GMpLaNP. As a result, leaching and oxidation-reduction occurred continuously 

throughout the treatment. Degradation may occur due to adsorption, OH radical 

generation, and mineralization. Initially, the triclosan gets adsorbed to the surface of 

GLaFeNPs then there will be a generation of •OH radicals followed by mineralization 

products due to the reaction between triclosan and •OH radicals (Eq (4.4)- Eq(4.9)). 

 
Triclosan + GLaFeNPs → Triclosan/GLaFeNPs (4.4) 

 
H2O2 + Feo →2OH + Fe2+ (4.5) 

Fe2O/Fe3O4 + H+ → Fe2+ /Fe3+ + H2O (4.6) 

H2O2 + Fe2+ → •OH + OH + Fe2+ (4.7) 

Triclosan/GLaFeNPs +  OH●   → Intermediates / GLaFeNPs (4.8) 

Intermediates / GLaFeNPs +   OH●   → CO2 + H2O +mineral acids (4.9) 

H2O + Fe3+ → Fe2+ + H+ + FeOOH2+ (4.10) 

FeOOH2+ → H O ●   + Fe2+ (4.11) 

As illustrated in Eq (4.6) the oxidants react with Fe2O3 and Fe3O4 gets oxidized to Fe2+ 

and Fe3+ ions and finally, there will be a release of hydroxyl radicals (Garrido-Ramírez et 

al., 2010; Sangami and Manu, 2017; Xue et al., 2009). A reaction between OH radicals 

and triclosan on the surface of GLaFeNPs leads to the mineralization of the compound as 

shown in Eq (4.8) and Eq (4.9). In the solution, generated Fe2+ and Fe3+ react with water 

to generate oxyhydroxide ((Eq. 10) and Eq (4.11)), which is also able to adsorb triclosan. 

 
4.3.7 Effect of Iron on Fenton’s Oxidation of Triclosan 

 
In the Fenton reactions, reactive radicals are generated by redox reactions which involve 

iron ions, they are the center of Fenton reactions. By complexing iron ions or by 

changing their redox cycle, organic compounds or their degradation intermediates can 

affect the activity of iron ions. Figure 4.14, Figure 4.15, and Figure 4.16 represent the 
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total iron, ferrous, and ferric iron leached out of GLaFeNPs respectively during the 

treatment process which is proportional to the degradation of triclosan. The results 

indicate that a maximum of 327mg/L of iron leached out of nanocatalyst at an optimum 

condition contributed to a maximum of 96.5% triclosan degradation using GPsLaNP and 

99.1% removal in GMpLaNP with the liberation of 336mg/L of total iron during the 

investigation. In the beginning, it was found that the ferrous form of iron was more later 

it was converted into a ferric form of iron. Initially, the leached ferrous ions produce the 

hydroxyl radicals and attack the organic pollutants, hence there will be a reduction in the 

pollutant concentration. There is an inconsistent change in iron form as a result of 

triclosan degradation. There is a drop in ferrous iron concentration with GPsLaNP while 

the ferric iron concentration was observed to increase throughout the process. With 

GMpLaNP as a catalyst, the ferric form of iron remains constant after the first 20 minutes 

of the treatment. This confirms leaching and oxidation–reduction occurred during the 

treatment continuously. It is necessary to maintain a high ORP value in Fenton’s 

oxidation process as a controlling parameter (Wu & Wang, 2012). 

 

Figure 4.14: Total Iron variation during Fenton’s oxidation of Triclosan with 

a)Psidium guajava Laterite Iron Oxide Nanoparticles (GPsLaNP) 

b)Macaranga peltata Laterite Iron Oxide Nanoparticles (GMpLaNP) 



61  

 
 
 

 
 

 

Figure 4.15: Ferrous Iron variation during Fenton’s oxidation of Triclosan with 

a)Psidium guajava Laterite Iron Oxide Nanoparticles (GPsLaNP) 

b)Macaranga peltata Laterite Iron Oxide Nanoparticles (GMpLaNP) 

 

 
Figure 4.16: Ferric Iron variation during Fenton’s oxidation of Triclosan with 

a)Psidium guajava Laterite Iron Oxide Nanoparticles (GPsLaNP) 

b)Macaranga peltata Laterite Iron Oxide Nanoparticles (GMpLaNP) 
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4.3.8 Degradation Kinetics 

 
To examine the reaction kinetics involved in the entire treatment process, experiments 

were performed in optimal conditions of pH= 3, GLaFeNPs = 1 g/L, H2O2 = 300mg/L, 

then the obtained results were plotted graphically. 

 
The kinetic fit for both iron nanoparticles is shown in figure 4.17 (a) and figure 4.17 (b). 

The process can be described by a pseudo-first-order rate kinetic model, based on kinetic 

studies (Boussahel et al., 2007; Chen et al., 2017b; S. Kang et al., 2016) which were done 

as shown in Eq (4.12). 

 
ln C0/C = -Kt (4.12) 

 
Where C0 is the concentration of triclosan at t min and C is the initial concentration of 

triclosan at 0 min. K is a first-order rate constant-- and presents the slope of the decay 

curve. It is observed that the rate constant for the degradation of triclosan using GPsLaNP 

and GMpLaNP was 0.0226/min and 0.0355/min with R2 of 0.9339 and 0.9877 

respectively. The result indicates that the degradation efficiency is more using 

GMpLaNP than GPsLaNP. It has also been reported that other studies on the degradation 

of triclosan have shown pseudo-first-order kinetic models with rate constants of 0.214 to 

0.964/min (Orhon et al., 2017b), 0.083 to 0.092 /min (So et al., 2019), 0.0118 to 0.0457 

/Min (Peng et al., 2019). 
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Figure 4.17: Linear fit for Fenton’s oxidation of Triclosan with a) Psidium guajava 

Laterite Iron Oxide Nanoparticle (GPsLaNP) b) Macaranga peltata 

Laterite Iron Oxide Nanoparticle (GMpLaNP) 

During the mineralization process, there will be a generation of byproducts. Sires et al., 

(2007) investigated the suitability of electro-Fenton’s oxidation in the degradation of both 

triclosan and trichlorocarbon and identified oxalic acid, formic acid, and maleic acid as 

degradation products with 2,4-dichlorophenol, 4-chlorocatechol, and chlorohydroquinone 

as hydroxylated derivatives (Sires et al., 2007). Munoz et al., (2012) identified three 

major degradation compounds on Fenton’s oxidation of triclosan and claim p- 

hydroquinone of triclosan forms when OH radicals attack triclosan in para-position while 

2,4- DCP and 4-CC forms when the OH radical attacks to triclosan in the ortho- position 

leading to the opening of one of the aromatic rings. Chen et al., found the following 

transformation products during the degradation of triclosan by ozonation were 2,4- 

dichlorophenol, chloro- catecol, mono-hydroxy-triclosan, and di-hydroxy-triclosan (Chen 

et al., 2012). A study conducted by Song et al., (2012) found harmful dichlorophenol 

accumulation. During the electro-Fenton degradation dichlorohydroquinone, 2,4- 

dichlorophenol, 2,7-dichlorodibenzodioxin were formed as mineralization products 
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(Espinoza et al., 2019). As per the study conducted by Peng et al., (2016) found eight 

compounds out of which C12H7O3Cl3, C12H7O4Cl3, C12H5O4Cl3, C12H8O3Cl2, C6H5O2Cl, 

C6H4OCl2 are major byproducts. 

 
4.3.9 Reuse and Recoverability Studies 

 
Chemical reactions are driven by catalysts, which are reusable because they are not 

consumed in the process. The possibility of recovering and reusing the catalyst after 

separation from the reaction mixture is a key aspect of any catalytic process. In the 

present study, the reusability of the catalyst was conducted for five cycles. 

 
Table 4.10: Reusability of GLaFeNPs on Fenton’s oxidation of Triclosan 

 
 

 
 

Cycle 

GPsLaNP based Fenton’s 
Oxidation 

GMpLaNP based Fenton’s 
Oxidation 

Triclosan 
Degradation 

(%) 

 
k/Min 

 
R2 

Triclosan 
Degradation 

(%) 

 
k/Min 

 
R2 

1 95.8 0.0225 0.9572 93.0 0.0200 0.9842 

2 94.2 0.0202 0.9626 91.0 0.0175 0.9757 

3 93.1 0.0207 0.9885 88.0 0.0154 0.9667 

4 86.0 0.0171 0.9936 83.0 0.0131 0.9782 

5 81.0 0.015 0.9859 81.0 0.0141 0.9902 

Recoverability and reuse of spent catalyst studies have been shown in Figures 4.19 (a) 

and 4.19 (b) for GLaFeNPs. The reusability of Green Laterite-based Iron oxide Nano 

Particles on Fenton’s oxidation of Triclosan is tabulated in Table 4.10. A drop in the 

degradation efficiency by 15.5% and 18.1% for GPsLaNP and GMpLaNP by the end of 

the fifth cycle marks the limit of catalyst reuse. It is evident that k and triclosan removal 

efficiency decreases with increasing cycles. Due to the presence of dissolved oxygen in 

water, iron corrosion occurs more quickly than in air, and iron hydroxides easily leach 

out from the nano iron particles. This further attacks the metal inside the core, which 
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reduces the catalyst's efficiency and results in the loss of metallic iron (Bokare et al., 

2008). 

 

 
Figure 4.18: Reusability on Fenton’s oxidation of Triclosan with a) Psidium guajava 

Laterite Iron Oxide Nanoparticles (GPsLaNP) b) Macaranga peltata 

Laterite Iron Oxide Nanoparticles (GMpLaNP) 

 
Table 4.11: Overview of Fenton’s oxidation of Triclosan with different iron 

nanoparticles 
 

Catalyst First order 
kinetics 

Triclosan 
removal (%) 

R2 

Psidium guajava Iron Oxide 
Nanoparticles 

y = 0.0226x + 
0.1446 96.5 0.9339 

Makaranga Peltata Iron Oxide 
Nanoparticles 

y = 0.0355x + 
0.1322 99.1 0.98772 

 

4.4 BIO-FENTON’S OXIDATION OF TRICLOSAN 

 
The bio-Fenton processes generate H2O2 by oxidizing glucose using glucose oxidase 

(GOD) as a biocatalyst and then generate hydroxyl radicals by consuming H2O2 which 

reacts with Fe2+. Fenton’s oxidation works well in the acidic pH, which is practically a bit 

difficult to maintain the same. To overcome this bio-Fenton can be implemented. In 
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addition to being a sustainable method with lesser power consumption, bio-Fenton has 

the capability of producing hydrogen peroxide in situ, thereby reducing the overall cost of 

the process. To generate hydrogen peroxide as a main product or by-product, enzymes 

like glucose oxidase and alcohol oxidase must be capable to catalyze the reaction. An 

enzyme called glucose oxidase is most commonly used in the bio-Fenton process, which 

forms D-glucono-1,5 lactone by oxidizing glucose, as well as hydrogen peroxide as a by- 

product as shown in Eq (4.13) to Eq (4.15) (Ravi et al., 2020). 

C6H12O6 + H2O + O2    GOD C6H12O7 + H2O2 4.13 

Fe2+ + H2O2 → Fe3+ + OH
●      + OH

- 4.14 

OH
●      + Pollutant →Oxidation Products 4.15 

 

In the present study, bio-Fenton was implemented for the optimized condition of the 

Fenton process. In this process, glucose oxidase in the presence of glucose was applied 

for in situ production of hydrogen peroxide, and simultaneously hydroxyl radicals 

produced from Fenton’s reaction were used for the degradation of Triclosan. 

 
The optimized condition of Fenton’s oxidation was considered for the bio-Fenton 

process. The parameters considered for this were Glucose concentration (1 – 2 g/L) and 

glucose oxidase (1000 U/L and 2000 U/L). The effect of substrate concentration, pH, and 

enzyme concentration was investigated. 

 
4.4.1 Optimization of Hydrogen Peroxide Production from Glucose Oxidase and 

Glucose 

The different concentrations of glucose oxidase (GOD) and glucose were used for the 

production of hydrogen peroxide. Figure 4.19 presents hydrogen peroxide production 

with different concentrations of glucose oxidase and glucose. The production of hydrogen 

peroxide is increased with the increase in the initial concentration of glucose. It is 

because glucose can be oxidized stoichiometrically to produce H2O2 due to substrate 
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availability (Ravi et. al., 2020). The amount of H2O2 production increased with time. The 

H2O2 generation was increased with an increase in the glucose concentration. For 1.5 g/L 

of glucose, 330 mg/L of H2O2 was generated with 30 minutes of contact time. As the 

GOD concentration increased, the production of H2O2 also increased. For further study, 

1.5 g/L of glucose and 1000U/L of GOD were used. As time increased the production of 

H2O2 reached 2000mg /L for 2 g/L of glucose and 1000U/L of GOD. 

  

 
Figure 4.19: Production of H2O2 with different concentrations of glucose 

 
(a) 1000U/L Enzyme (b) 2000U/L Enzyme 

 
4.4.2 Bio Fenton’s Process of Triclosan Using GPsLaNP and GMpLaNP 

 
The concentration of Triclosan was taken as 2 mg/ L and catalyst concentration as 1g/L 

for bio-Fenton’s study. Here glucose oxidase with glucose was utilized for the production 

of hydrogen peroxide. At the same time, the hydroxyl radicals generated were used for 

the degradation of Triclosan. The oxidative degradation of triclosan by the bio-Fenton 

process using GLaFeNPs is represented in Figure 4.20. The variation of the pH (3, 5.5, 7) 

was considered for the degradation study. Fenton’s process mainly works on acidic pH to 

remove the pollutant. At neutral pH, the reaction is occurring due to the availability of 

Fe2+ due to the chelating effect of gluconic acid (Ravi et al., 2020). The bio-Fenton 

process provides the platform for the chelation of iron to occur when the GOD is added to 

glucose. Table 4.12 presents the bio-Fenton’s degradation of triclosan using GLaFeNP’s. 
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Table 4.12: Bio-Fenton’s degradation of triclosan at various pH 

 
 

GLaFeNP 
(1 g/L) 

% Removal of TCS Rate Constant /Min 

pH 3 pH 5.5 pH 7 pH 3 pH 5.5 pH 7 
GPsLaNP 35.5 78 59.2 0.0034 0.0119 0.0068 
GMpLaNP 47 80.5 60.5 0.0046 0.0133 0.0071 

 
 

The decrease in reaction rate at pH values higher than 5.5 is due to iron hydroxide 

(Fe(OH)3) formation; in this form, iron disintegrates hydrogen peroxide into water and 

oxygen (Elhami et. al., 2015). On the other hand, the higher and lower pH values disrupt 

the enzymatic reaction, so there is an optimal pH value of 5.5 for enzyme activity and the 

degradation process. 

  

 
Figure 4.20: Oxidative degradation of Triclosan by Bio-Fenton process a) Psidium 

guajava Laterite Iron Oxide Nanoparticles (GPsLaNP) b) Macaranga 

peltata Laterite Iron Oxide Nanoparticles (GMpLaNP) 

4.4.3 Degradation Kinetics for Bio-Fenton Process 

 
Further to know the effect of both the nanoparticles, degradation kinetics was studied and 

it is plotted in Figure 4.20 and was observed to follow the pseudo-first-order kinetics. The 
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degradation kinetic plot for maximum degradation of Triclosan fitted a pseudo first order 

kinetic model with an R2 of 0.9775 and 0.9962 at pH 5.5 for Psidium guajava Laterite 

Iron Oxide Nanoparticles and Macaranga peltata Laterite Iron Oxide Nanoparticles 

respectively. The rate constants obtained are 0.0119/ Min and 0.0133/ Min which are 

almost equal as shown in Figure 4.21 indicating a less pronounced effect of green 

synthesized Psidium guajava and Makaranga peltata iron oxide nanoparticles. 

 

 
Figure 4.21: Linear fit for Bio Fenton’s oxidation of Triclosan with a) Psidium 

guajava Laterite Iron Oxide Nanoparticles (GPsLaNP) b) Macaranga 

peltata Laterite Iron Oxide Nanoparticles (GMpLaNP) 
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CHAPTER 5 

SUMMARY AND CONCLUSIONS 

The iron nanoparticles for Fenton’s oxidation application were synthesized using laterite 

iron as a precursor and Psidium guajava and Macaranga peltata leaf extracts. The iron 

nanoparticles are sustainable, because it is synthesized by locally available materials. The 

synthesized GLaFeNPs were characterized and it was used as a catalyst in the triclosan 

degradation by Fenton’s process. The FESEM analysis found the agglomerated spherical 

particles arranged in groups for GPsLaNP and agglomerated spherical particles with clear 

edges for GMpLaNP with 27.6% iron by weight and 19% iron by weight respectively. 

The BET analysis shows a surface area of 11.76 and 11.707 m2/g respectively for 

GPsLaNP and GMpLaNP. The XRD results confirm the presence of Fe2O3, Fe3O4 and 

polyphenols, along with the confirmation of functional groups with FTIR results. 

Triclosan, an emerging pollutant, has been removed effectively by Fenton-like oxidation. 

The triclosan was degraded using H2O2 as an oxidizing agent and GLaFeNP as a catalyst. 

At an acidic pH of 3, maximum degradation of 96.5% and 99.1% was observed for 

GPsLaNP and GMpLaNP with 1.0 g/L of catalyst load and 300 mg/L of H2O2 with 120 

minutes of treatment time. Pseudo 1st order reaction kinetics best fits the triclosan 

degradation using both catalysts. Total iron, ferrous and ferric iron variation during 

Fenton’s oxidation of triclosan with Psidium guajava laterite iron oxide nanoparticles 

(GPsLaNP) and Macaranga peltata laterite iron oxide nanoparticles (GMpLaNP) were 

studied for the optimized condition. The reusability studies confirm that nanocatalysts are 

efficient for the usage of up to five consecutive cycles with a drop in degradation 

efficiency of 15.1% and 18.1% with the fifth cycle. The study confirms the use of green 

synthesized laterite iron nanoparticles in Fenton’s degradation of recalcitrant triclosan. 

GLaFeNP are eco-friendly, easy to prepare, economical, very efficient and reusable 

catalyst for the degradation of pollutants. Also from the results it can be concluded that 

there is no much difference in the degradation using GPsLaNp and GMpLaNP. 
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The bio-Fenton process is one of the promising methods for the degradation of organic 

pollutants. In the bio-Fenton process biomaterials are used to generate hydrogen 

peroxide, which will reduce the stocking and transferring risk. Triclosan is degraded 

using the bio-Fenton process, which involves enzymatic production of hydrogen peroxide 

in-situ. In this study, several effective parameters were studied. Bio-Fenton was carried 

out for the optimized condition by varying the pH, Enzyme concentration, and glucose 

concentration which proves pH 5.5 as optimum with 80.5% removal of triclosan. 

 
Scope for the future work 

 
There is potential for further research in: 

 
 Application of green synthesized laterite-based iron nanoparticles in bio-Fenton’s 

oxidation can be conducted in detail. In the bio-Fenton process, more studies 

should be carried out to know the efficiency of the system. The bio-Fenton system 

can be scaled up for evaluation of commercial application feasibility since this 

study has been performed at a laboratory scale. Also, the lifetime and stability of 

the bio-Fenton process can be studied further. 

 
  The application of green synthesized laterite-based iron nanoparticles in electro- 

Fenton can be studied. In the electro-Fenton process, the hydrogen peroxide is 

generated at the cathode with the help of oxygen or air. In this the effect of pH, 

dosage of GLaFeNP, electrode materials, the concentration of hydrogen peroxide, 

pH, current density, and distance between electrodes can be studied in detail. 
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