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Abstract- This study investigates the oxidative 

treatment of Ibuprofen (IP), a widely used non-

steroidal anti-inflammatory drug and recognized 

emerging contaminant, through the application of 

the Fenton process. Ibuprofen frequently enters 

aquatic environments due to improper disposal, 

incomplete metabolism, and inefficiencies in 

conventional wastewater treatment systems, posing 

risks to both ecosystems and human health. Given 

its persistence and bioactivity, advanced oxidation 

processes (AOPs), particularly the Fenton reaction 

utilizing hydrogen peroxide (H₂O₂) as an oxidant 

and ferrous ions (Fe²⁺) as a catalyst, were explored 

for effective degradation. The research focused on 

evaluating the influence of three key parameters—

pH, oxidant concentration, and catalyst 

concentration—on the removal of Total Organic 

Carbon (TOC) as a proxy for organic pollutant 

degradation. Preliminary experiments confirmed 

that neither H₂O₂ nor Fe²⁺ alone could significantly 

reduce TOC; only their combination produced 

notable removal, validating the necessity of the full 

Fenton reagent. Comprehensive parametric studies 

revealed that the optimal conditions for TOC 

removal occurred at pH ~3, with an oxidant-to-

catalyst (ox/cat) ratio of approximately 15, 

specifically at [Fe²⁺] = 0.078 mM and [H₂O₂] = 1.18 

mM. Under these conditions, 80.4% of the TOC was 

removed within 24 hours. These results align well 

with previous studies on the Fenton treatment of 

other contaminants, though variation is expected 

due to differences in pollutant structure and 

reactivity. 

 

Indexed Terms- Ibuprofen, Fenton process, 

advanced oxidation processes (AOPs), Total 

Organic Carbon (TOC) 

 

 

 

I. INTRODUCTION 

The hydrosphere refers to all the liquid water present 

on Earth, encompassing vast bodies such as oceans, 

seas, lakes, rivers, ponds, and streams. Covering 

approximately 71% of the Earth's surface, the 

hydrosphere plays a critical role in supporting life. 

Additionally, the hydrosphere is constantly in 

motion, facilitating water circulation and supporting a 

wide range of aquatic organisms. While it is 

primarily composed of water, it also contains a 

variety of dissolved substances, including minerals, 

gases, organic matter, and particulate matter. These 

dissolved elements are crucial in determining the 

chemical characteristics of different water bodies.  

 

Some of these substances contribute positively to 

ecological functions for example, dissolved oxygen 

supports aquatic life, and minerals are essential for 

nutrient cycles. However, others can be considered 

contaminants or pollutants, especially when 

introduced through human activities such as 

industrial discharge, agricultural runoff, or improper 

waste disposal. The presence of pollutants can disrupt 

aquatic ecosystems, harm wildlife, and degrade water 

quality. 

 

An equilibrium must be maintained to make sure the 

sustainability of aquatic habitats. Imbalances whether 

from nutrient overload (eutrophication), acidification, 

or chemical contamination can lead to long-term 

ecological damage.  Furthermore, the hydrosphere is 

not static; it is dynamic and constantly circulating 

through natural processes like evaporation, 

precipitation, infiltration, and runoff, which are 

components of the hydrological cycle. These 

processes distribute water across different regions 

and play a vital role in climate regulation, weather 

patterns, and sustaining terrestrial and aquatic life. 
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In essence, the hydrosphere acts as a life-supporting 

system, offering a habitat for countless plant and 

animal species, facilitating biochemical cycles, and 

serving as a critical resource for human societies. [1]. 

 

A lot of gases such as CO2, O2, nutrients such as 

ammonium (NH4
+) and nitrite (NO2

–) and other ions 

are dissolved in water. The presence of these 

substances is significant for life to exist in water [1]. 

The hydrosphere is vital for sustaining diverse life 

forms, playing a crucial role in ecosystems and 

regulating the atmosphere. It encompasses all water 

on Earth's surface, including saltwater, freshwater, 

frozen water, groundwater, and water present in the 

lower atmosphere. 

 

In recent years, increasing attention has been directed 

toward the presence of pharmaceutical compounds in 

aquatic environments, including surface waters and 

even drinking water supplies. These substances enter 

water systems through multiple pathways. One of the 

primary sources is human excretion, as a portion of 

consumed medications is not fully metabolized by the 

body and is instead eliminated via urine or feces. 

Another significant route is the improper disposal of 

unused or expired medications, which are often 

flushed down toilets or sinks. 

 

Once these pharmaceutical residues reach the sewage 

system, they are transported to wastewater treatment 

plants (WWTPs). However, conventional treatment 

methods are often not specifically designed to 

remove such complex organic compounds. As a 

result, trace amounts of drugs including painkillers, 

antibiotics, hormones, and antidepressants—may 

pass through treatment facilities and enter rivers, 

lakes, or groundwater sources. 

 

The persistence of these pharmaceuticals in the 

environment poses potential risks to both ecosystems 

and human health. Aquatic organisms can be exposed 

to these bioactive chemicals continuously, leading to 

disruptions in reproduction, behavior, and even 

genetic integrity. Additionally, the long-term 

presence of pharmaceutical contaminants in water 

may contribute to the development of antibiotic-

resistant bacteria, further compounding public health 

challenges. 

 

This growing concern highlights the need for more 

advanced treatment technologies and public 

awareness regarding proper pharmaceutical disposal 

to reduce contamination of our water resources. [2], 

[3]. Pharmaceuticals go into water bodies through the 

discharge of expired drugs in places with poor waste 

management, these discharged drugs can be taking 

into water bodies through runoff which contaminates 

surface waters and alters the natural form of water, 

and another way is by infiltration into the ground 

water after it has been dissolved. You might think 

wastewater treatment plants would take care of the 

situation, but pharmaceuticals pass through water 

treatment [4] such as the physical, chemical and 

biological wastewater treatment.  

 

This particular work lays emphasis on the treatment 

of contaminated water by advanced oxidation 

processes, it looks critically into the oxidative 

treatment of Ibuprofen as a pharmaceutical by the use 

of hydrogen peroxide as an oxidant and an iron(II) as 

a catalyst, this oxidant and catalyst remove organic 

carbon by forming free radicals which attack carbon-

carbon bonds, leading to the cleavage of such bonds. 

The presence of Fe (II) serves as a promoter for the 

for radical generation and mineralization of organic 

content, as indicated in the equation below [5]. 

 

Organic compounds+ HO→CO2+H2O+inorganicions 

 

Free radicals can be formed by many techniques 

including mainly: chemical, photochemical, and 

sonochemical [6]. Currently, many treatment 

facilities apply the principles of the Fenton reagent to 

enhance wastewater treatability. This method is 

highly effective for removing recalcitrant compounds 

[7]. 

 

II.   REVIEW OF RELATED WORK 

 

Pharmaceuticals play a crucial role in modern 

healthcare, significantly contributing to the 

prevention, treatment, and management of various 

diseases.[8] These medical substances are developed 

through intensive research and innovation, have 

revolutionized the medical field by improving the 

quality of life and increasing life expectancy 

worldwide [9]. From over-the-counter pain relievers 

to life saving prescription drugs, pharmaceuticals 
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serve as backbone of contemporary medicine, 

addressing both common and complex health 

conditions [10]. The pharmaceutical industries 

encompass a wide range of products, including 

antibiotics, vaccines, painkillers, and specialized 

treatments for chronic conditions such as diabetes, 

cancer, and cardiovascular diseases [11].  Although 

pharmaceuticals have greatly improved human 

health, they also bring environmental risks that 

cannot be ignored. Studies have shown that these 

substances often find their way into natural water 

bodies—such as rivers, lakes, and streams mainly 

through improper disposal methods like flushing 

unused medicines down the toilet or pouring them 

down the sink. In other cases, they enter the 

environment through human excretion, since not all 

medications are fully absorbed by the body and are 

passed out in urine or feces 

 

Some contaminants bring problem because they are 

persistent (meaning they stay in place for a long 

time), or they are so common that they are ever 

present even though their residence times are low 

[12]. Common drugs like non-steroidal anti-

inflammatory drugs (e.g., ibuprofen, aspirin, 

naproxen) have negatively impact on the organ 

functions of aquatic organisms and cause cytotoxic 

and genotoxic damage, high oxidative cell stress, and 

detrimental effects on growth, reproduction, and 

behaviour [13]. Endocrine disrupting chemicals 

(EDCs) are substances that can interfere with the 

normal functioning of hormones in animals and 

humans. These chemicals are released into the 

environment through industrial waste, agricultural 

runoff, and household products. Once in the 

environment, they can enter water bodies and affect 

the hormonal systems of wildlife, especially aquatic 

animals. 

 

EDCs are dangerous because they can imitate or 

block natural hormones, which are responsible for 

controlling important body functions such as growth, 

development, and reproduction. When animals are 

exposed to these chemicals, their reproductive 

systems can be damaged, leading to problems like 

lower fertility, delayed development, or abnormal 

behaviour. 

 

One of the most serious effects observed in wildlife is 

the feminization of male fish—a condition where 

male fish start to show female traits, such as 

producing eggs. This happens because the EDCs 

confuse the body’s hormonal signals. Over time, such 

disruptions can reduce the number of offspring 

produced in a population, putting entire species at 

risk. 

 

Although scientists have confirmed that EDCs can 

harm many types of animals, there is still limited 

knowledge about which species are most sensitive 

and how different combinations of these chemicals 

might act together. More research is needed to 

understand their full impact and to develop strategies 

to protect wildlife and ecosystems from long-term 

harm [14] 

 

A. Ibuprofen 

Ibuprofen is a chemical compound classified as a 

monocarboxylic acid, specifically derived from 

propionic acid. In its structure, a hydrogen atom at 

the second position of the propionic acid molecule is 

replaced by a 4-(2-methylpropyl) phenyl group, 

giving it its unique properties. It belongs to the group 

of non-steroidal anti-inflammatory drugs (NSAIDs) 

and is commonly used for its pain-relieving 

(analgesic), fever-reducing (antipyretic), and anti-

inflammatory effects. In addition to its medical 

applications, ibuprofen has also been identified as an 

environmental contaminant due to its persistence in 

water bodies. 

 

Pharmacologically, ibuprofen acts by inhibiting 

cyclooxygenase enzymes (COX-1 and COX-2), 

which are involved in the production of substances 

that cause inflammation and pain in the body. 

Chemically, it is related to propionic acid, and its 

molecular formula is 2-(4-isobutylphenyl) propionic 

acid. Ibuprofen was first developed in the early 1960s 

during efforts to find a safer alternative to aspirin. It 

was patented in 1961 and became available for the 

treatment of rheumatoid arthritis in the United 

Kingdom in 1969, and later in the United States in 

1974. It was the first NSAID to be sold over the 

counter (OTC), making it widely accessible for 

everyday use. Commercially available ibuprofen is 

typically sold as a racemic mixture, meaning it 

contains two mirror-image forms of the molecule: the 
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R- and S-enantiomers. After ingestion, the body 

converts a significant portion of the R-enantiomer 

into the S-enantiomer, which is believed to be the 

more biologically active form, responsible for most 

of the drug’s therapeutic effects. [15]. 

 

 
Figure 1: Chemical Structure of Ibuprofen 

 

B. Emerging Contaminants  

Pharmaceuticals and personal care products (PPCPs) 

are a category of emerging organic contaminants 

(EOCs). These include substances like ibuprofen, 

which is the third most commonly consumed drug 

worldwide. Ibuprofen, along with other PPCPs, 

enters water systems primarily through human use of 

these medications. This has raised environmental 

concerns due to the potential risks associated with 

their presence and breakdown in the environment. 

 

The focus is on two main areas: detection and 

removal of these contaminants. PPCPs are found in 

water bodies at low concentrations, which can be 

detected using both traditional and advanced 

methods. While conventional methods are effective, 

new technologies are being developed to enhance the 

detection of these substances, especially in small 

amounts.  

 

Emerging contaminants are chemicals or 

microorganisms that are not regularly monitored in 

the environment but have the potential to cause harm. 

These substances may come from new sources, take 

alternative routes into the human body, or require 

innovative methods of treatment. They have been 

found in many parts of the water cycle, including 

groundwater, surface water, and wastewater 

treatment plant effluents. 

 

In the past, various man-made and naturally 

occurring chemicals have been detected in aquatic 

environments, raising concerns about global 

ecosystems and the quality of surface water. Most of 

these pollutants are organic and usually found in very 

low concentrations, ranging from parts per trillion 

(ppt or ng/L) to parts per billion (ppb or µg/L). Some 

examples of these emerging contaminants include 

plasticizers, surfactants, fire retardants, and 

pharmaceuticals and personal care products (PPCPs). 

To address the challenges posed by these pollutants, 

it is essential to continue developing more efficient 

methods for detecting and removing them from the 

environment, ensuring a safer ecosystem for both 

wildlife and humans. [16].  

 

Plasticizers are low-molecular-weight organic 

chemicals widely used in plastic manufacturing. 

Among them, Bisphenol A (BPA) and its derivative, 

Bisphenol A diglyceryl ether (BADGE), are the most 

studied, commonly used, and widely recognized 

plasticizers that also qualify as emerging pollutants. 

BPA and BADGE are found in various consumer 

products, including baby toys, metal food and 

beverage cans, mobile phones, plastic baby bottles, 

pacifiers, and computers. These chemicals can enter 

the environment when they leach from food and 

beverage containers or are released from degrading 

plastic materials [16]. Emerging contaminants such 

as flame retardants are applied to numerous types of 

furniture, electronic items, automobile upholstery. 

Brominated flame retardants are categorized as 

emerging pollutants due to their exceptional 

environmental stability and growing health risks. Due 

to their lipophilicity, they are known to 

bioaccumulate in adipose tissue and are also 

connected to detrimental health consequences in 

animals, such as reduced sperm count, fatal 

abnormalities, and disruption of hormones [16].  

 

Pharmaceuticals and personal care products (PPCPs) 

are a unique class of emerging environmental 

pollutants due to their ability to cause physiological 

effects in humans even at low concentrations. In 

recent years, the unintended presence of PPCPs in 

aquatic ecosystems at levels that can negatively 

impact aquatic life has become a growing concern. 

This issue has escalated as the widespread and 

increasing use of PPCPs in both human and 

veterinary medicine leads to their continuous release 

into the environment. [17] 
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Bi.  Ibuprofen as an Emerging Contaminant 

The World Health Organization (WHO) has 

highlighted a growing concern regarding the 

increasing concentration and toxicity of ibuprofen in 

wastewater treatment plants (WWTPs) and water 

bodies. The rising levels of ibuprofen are largely due 

to its increased consumption, driven by population 

growth and a higher rate of use. This situation is 

particularly alarming because ibuprofen, a bioactive 

compound, cannot be efficiently removed by 

conventional water treatment methods. As a result, it 

is becoming increasingly widespread in aquatic 

ecosystems, potentially posing significant 

environmental hazards. 

 

The consumption of ibuprofen in many European 

Union (EU) countries has been on the rise, with 

therapeutic doses typically ranging from 600 to 1200 

mg per day. Once ingested, ibuprofen binds almost 

entirely (~99%) to plasma albumin and is quickly 

absorbed into the bloodstream. Around 15% of the 

drug is excreted unchanged, either as conjugates with 

glucuronide or thiol, or in the form of metabolites 

such as carboxy ibuprofen, hydroxy ibuprofen, and 

carboxyhydratropic acid. These conjugates can be 

further broken down or hydrolyzed in the 

environment. 

 

In wastewater treatment plants (WWTPs) and sewage 

systems, ibuprofen metabolites like 4-

isobutyricbenzaldehyde, 1-(4-isobutylphenyl)-1-

ethanol, and 2-[4-(1-hydroxyisobutyl) phenyl] pro-

pionic acid, among others, have been detected. These 

metabolites further complicate the potential 

environmental risks and the challenges of treatment. 

 

To address this growing issue, researchers have been 

exploring advanced detection and removal methods. 

Biosensor-based techniques, including enzymatic 

biosensors, microbial biosensors, and 

immunosensors, are among the leading methods 

being developed for monitoring PPCPs in water 

systems. Additionally, techniques based on surface 

plasmon resonance (SPR) have emerged as promising 

tools for real-time analysis of emerging pollutants. 

These methods offer greater efficiency, real-time 

monitoring capabilities, and cost-effective solutions 

for tracking PPCPs, like ibuprofen, in aquatic 

environments. 

Ibuprofen, as one of the most widely used non-

steroidal anti-inflammatory drugs (NSAIDs) and a 

member of the PPCPs group, is detected in many 

water bodies worldwide. The concentrations typically 

range from parts per billion (ppb) to parts per trillion 

(ppt), depending on the load placed on the ecosystem. 

Recent studies have assessed the environmental risks 

of various PPCPs in aquatic systems, including 

ibuprofen, in countries like Spain. These studies 

reported that a range of PPCPs, including 

ciprofloxacin, acetaminophen, clofibrate, 

clarithromycin, triclosan, parabens, omeprazole, and 

1,4-benzoquinone, pose varying degrees of risk to 

aquatic environments and wastewater treatment 

systems.  

 

This review highlights current efforts and research 

aimed at removing ibuprofen from the environment. 

It discusses both traditional and emerging analytical 

techniques that are being used to tackle the removal 

of ibuprofen from environmental sources, 

emphasizing the need for effective solutions to 

mitigate the impact of PPCPs on water quality and 

aquatic life. 

 

In summary, as the issue of PPCPs like ibuprofen 

becomes more pressing, developing advanced 

methods for detection and removal is essential to 

protecting water quality and safeguarding 

ecosystems. [18], [19]. 

 

Bii. Sources, Occurrence and Toxicity of Ibuprofen   

Anthropogenic activities are the primary contributors 

to the increasing concentration of ibuprofen in the 

environment (Figure 5). In addition to human 

consumption, improper disposal of unused or expired 

drugs, emissions from pharmaceutical manufacturing 

plants, discharges from wastewater treatment plants 

(WWTPs) and sewage treatment plants (STPs), as 

well as its use in livestock treatments, all contribute 

to the release of ibuprofen into the environment. This 

means that Ibuprofen enters the environment through 

multiple pathways. Many people dispose of unused 

medications improperly by flushing them down the 

toilet or throwing them in household waste, leading 

to contamination of water bodies and soil. 

Pharmaceutical manufacturing plants may also 

release residues of ibuprofen during production 

processes, contributing to environmental pollution. 
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Figure 2: Source of occurrence of Ibuprofen [15]. 

 

Wastewater treatment plants (WWTPs) and sewage 

treatment plants (STPs) are unable to completely 

remove pharmaceutical contaminants, allowing 

ibuprofen to persist in treated water, which is then 

discharged into rivers, lakes, and oceans. 

Additionally, ibuprofen is used in veterinary 

medicine to treat livestock, and its residues can enter 

the environment through animal waste, which may 

leach into soil and water systems. 

 

Once in the environment, ibuprofen can accumulate 

in aquatic ecosystems, affecting fish, plants, and 

microorganisms. Over time, this contamination can 

lead to bioaccumulation and potential ecological 

harm, highlighting the need for improved waste 

management and advanced treatment technologies to 

reduce pharmaceutical pollution. This cycle 

highlights the environmental risks associated with 

pharmaceutical pollution and the need for improved 

wastewater treatment methods to mitigate its impact. 

 

After being consumed by humans and animals, 

ibuprofen is not completely metabolized and is 

subsequently excreted. Enzymes in the body break it 

down into various metabolites, which are then 

released through excretion. Both the unmetabolized 

ibuprofen and its metabolites are present in the 

excretion product. Notably, its metabolites are often 

more toxic than the parent compound. Once excreted, 

these substances enter wastewater treatment plants 

(WWTPs), sewage treatment plants (STPs), and 

various natural water bodies such as rivers, lakes, and 

oceans. They can also seep into the soil and 

groundwater, leading to environmental 

contamination.  

 

After entering the environment, ibuprofen and its 

metabolites can be absorbed by plants and aquatic 

organisms. This uptake allows them to move through 

different ecological levels, ultimately becoming part 

of the food web. Since wastewater treatment plants 

are often unable to fully remove pharmaceutical 

residues, ibuprofen can persist in the environment, 

accumulating in aquatic ecosystems and agricultural 

soil. Over time, these pollutants can bioaccumulate in 

fish, shellfish, and crops, potentially re-entering the 

human food chain through consumption.  

 

C. Advanced Oxidation Processes (AOPs) 

Advanced oxidation processes (AOPs) are promising 

alternatives for treating various types of 

contaminated and wastewaters. These methods 

generate highly reactive intermediates, particularly 

hydroxyl radicals, which can effectively oxidize 

nearly all organic contaminants. AOPs encompass a 

range of techniques, including electrochemical 

oxidation, ozonation, photocatalysis, and Fenton and 

Fenton-like processes. While these methods utilize 

different reaction systems, they are all chemically 

defined using highly reactive oxidizing agents, such 

as hydroxyl radicals, which possess a redox potential 

of 2.80 eV [20]. There are various types of, including 

Fenton-related AOPs, UV-based AOPs, ozone-based 

AOPs, and sulphate radical-based AOPs. Ozone 

(O3), with an oxidation potential of 2.07 V, is a 

strong oxidant that primarily reacts with ionized and 

dissociated organic molecules rather than neutral 

substances. Under certain conditions, O3 generates 

hydroxyl radicals (·OH), which initiate broad-

spectrum oxidation. 

 

UV-based AOPs involve the use of photons to 

generate hydroxyl radicals in the presence of 

catalysts or oxidants. Titanium dioxide (TiO2) is the 

most used catalyst in this process. In sulphate radical-

based AOPs, persulfate (S2O8²⁻), a powerful oxidant, 

is utilized. When activated by heat, UV irradiation, 

transition metals, or elevated pH, S2O8²⁻ produces 

highly reactive sulphate radicals, initiating sulphate 

radical-based advanced oxidation. 
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Fenton-related AOPs rely on iron as the most 

frequently used metal to activate hydrogen peroxide 

(H2O2), leading to the formation of hydroxyl radicals 

in water. The Fenton process generates highly 

reactive species through the interaction of H2O2 with 

Fe²⁺. While alternative reactive species, such as ferryl 

ions, have been proposed, hydroxyl radicals are 

typically identified as the primary oxidizing agents in 

Fenton-based processes. [21] 

 

Ci Fenton Reagents 

Fenton process is a low-cost and effective AOP for 

organic pollutant removal from water and wastewater 

[21]. This method can significantly enhance 

biodegradability and lower wastewater toxicity 

before biological treatment. [22]. The efficiency of 

the Fenton reaction, which involves the transfer of a 

single electron from ferrous cation to hydrogen 

peroxide, is influenced by factors such as metal 

chelation agents, the ratio of Fenton’s reagents 

(oxidant and catalyst), pH, and dosage. The key 

aspect of the Fenton process is its ability to generate 

hydroxyl radicals, which are recognized as the 

primary oxidizing agents in most systems [22]. Since 

the hydroxyl radical is unstable in nature, H2O2 that 

is readily available in the marketplace is used as a 

source of HO· generation in wastewater treatment 

applications. It is among the best and cleanest 

oxidants for destroying dyes and other organic 

pollutants found in wastewater. This is partly the 

reason why the demand for H2O2 has grown on a 

global scale [23]. Hydrogen peroxide activation 

requires no external energy and naturally occurs at 

temperatures between 20 to 40°C. This means that 

within this temperature range, hydrogen peroxide can 

spontaneously react, especially in processes like the 

Fenton reaction, where it interacts with catalysts such 

as iron ions to generate hydroxyl radicals. This 

characteristic makes hydrogen peroxide an efficient 

and cost-effective oxidant for wastewater treatment 

and other oxidation processes, as it eliminates the 

need for additional energy input to initiate the 

reaction [24]. Hydrogen peroxide as an oxidant can 

be activated using transition metals such as Fe(II) and 

Co(II). In the Fenton initiation reaction, hydroxyl 

radicals (HO·), which are strong and non-specific 

oxidants, are produced when Fe(II) catalyses the 

decomposition of hydrogen peroxide. These hydroxyl 

radicals can break down a wide range of refractory 

organics, including persistent organic pollutants like 

polycyclic aromatic hydrocarbons (PAHs). The 

reaction between hydroxyl radicals and hydrocarbons 

occurs with rate constants as high as 109 (Ms)⁻¹, 

which is considered extremely fast. The high reaction 

rate means that hydroxyl radicals interact with 

contaminants very quickly, allowing for the efficient 

degradation of harmful substances, especially those 

that are difficult to break down by conventional 

methods. This rapid oxidation is key to the 

effectiveness of the Fenton process in treating 

polluted water and waste [24]. A significant amount 

of research has been published on the optimal 

conditions for using the Fenton process to remove 

organic contaminants. Among the most studied 

parameters are pH and the ratio of oxidant to catalyst 

(ox/cat). Studies on the Fenton process, which 

involves hydrogen peroxide (H2O2) and Fe(II) to 

treat various organic pollutants, generally agree that a 

pH of 3 is the optimal condition for the reaction to 

occur efficiently. The effectiveness of 

 

III.  RESEARCH METHODOLOGY AND 

MATERIALS 

 

A. Materials 

The objective of this study is to analyse the removal 

of total organic carbon (TOC) from sample solutions 

containing ibuprofen (IP) treated with an oxidant. 

The samples were prepared by mixing IP, hydrogen 

peroxide (H2O2) as the oxidant, and ferrous ions 

(Fe²⁺) as a catalyst. The study systematically 

investigates the effects of H2O2 concentration, Fe²⁺ 

dosage, and pH on TOC removal. To achieve this, 

different amounts of each component were added 

depending on the parameter under examination. 

 

Deionized (DI) water was used as the solvent for all 

preparations. Ibuprofen and hydrated ferrous sulphate 

(FeSO4·7H2O) were dissolved in DI water, which 

was obtained by purifying tap water using a Milli-Q 

integral water purification system. Ibuprofen, also 

known as 2-(4-Isobutylphenyl) propanoic acid 

(C13H18O2) with CAS number 15687-27-1, has a 

molecular weight of 206.28 g/mol. Stock solutions 

were prepared by dissolving powdered ibuprofen in 

DI water to ensure consistency in experimental 

conditions. This experimental approach allows for 

precise control over the reaction conditions, ensuring 
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accurate evaluation of how oxidation parameters 

influence the degradation of ibuprofen. The use of 

TOC measurement provides insight into the extent of 

organic matter removal, indicating the effectiveness 

of the oxidation process in breaking down ibuprofen 

into simpler, less harmful compounds.  

 

Hydrogen peroxide (H2O2) was used as the oxidant. 

The concentration of the commercially available 

stock solution used is about 30 w/w% with a density 

of 1.11 g/cm3. The molar mass of H2O2 is 34 g/mol. 

The stock solution is kept at low temperature in the 

fridge. From the concentrated hydrogen peroxide, the 

diluted solutions were prepared by using DI water. 

Iron(II) was used as a catalyst. The stock solution 

was prepared by dissolving the required amount of 

hydrated ferrous sulphate (FeSO4×7H2O) in DI 

water. The crystalline solid has a molecular mass of 

278.05 g/mol. In the case of investigating the effect 

of pH on the TOC removal, sulfuric acid (H2SO4) 

was added to lower the pH until the desired value.  

 

B.  Methodology  

The commercially available hydrogen peroxide 

(H2O2) stock solution is already in an aqueous phase. 

However, for all experiments, a lower concentration 

than the stock solution was required. To achieve the 

desired concentration, a specific volume of 

concentrated H2O2 was diluted with deionized (DI) 

water. Using a pipette, the required amount of H2O2 

was transferred into a volumetric flask, and DI water 

was added up to the calibration mark. Similarly, for 

the IP stock solution, the volumetric flask was sealed 

with parafilm and mixed by inverting the flask at 

least eight times to ensure uniform distribution. The 

Fe(II) solution was prepared using hydrated ferrous 

sulfate (FeSO4·7H2O) in its solid form, with a final 

concentration of approximately 2 g/L. The process 

began by weighing the required amount of hydrated 

ferrous sulfate using an analytical balance, placing it 

in an evaporating dish to facilitate handling. The 

measured solid was then transferred into a volumetric 

flask by rinsing the evaporating dish with DI water to 

ensure complete transfer. This preparation method 

ensures precise dilution of H2O2 and IP stock 

solutions, allowing accurate control of reactant 

concentrations. Parafilm sealing prevents 

contamination and evaporation, while the inversion 

mixing technique guarantees homogeneous 

distribution. The stepwise dissolution of Fe(II) 

prevents precipitation and ensures a consistent, well-

prepared solution for experiments. 

 

 
Figure 3: Prepared stock solutions in the 

volumetric flask. 

 

All reaction mixtures were prepared by combining 

the IP solution, Fe(II), and H2O2. In this system, 

chemical reactions begin immediately after H2O2 

and Fe(II) are mixed. Since IP and Fe(II) do not react 

with each other, H2O2 was always added last to 

initiate the reaction. To prepare the mixture, the IP 

solution and Fe(II) were first added to a volumetric 

flask and mixed with deionized (DI) water until the 

liquid level reached just below the bottle neck, 

leaving space for H2O2. The moment H2O2 was 

introduced, was designated as the initial reaction 

time, which is crucial for kinetic studies. Finally, DI 

water was added to the flask up to the calibration 

mark to complete the solution. This method ensures 

that H2O2 acts as the primary reactant, triggering the 

oxidation process as soon as it is introduced. By 

defining the initial reaction time, researchers can 

accurately monitor reaction kinetics, which is 

essential for studying the degradation of IP. Proper 

volumetric flask usage also ensures consistency in 

sample preparation and reproducibility in 

experimental results. 

 

C.  Instruments 

The following instruments were essential for sample 

preparation, environmental conditioning, and the 

analysis of organic carbon content.  

Analytical Balance: Mettler Toledo ML 204 was used 

for all mass measurements. 

Magnetic Stirrer: the VELP Scientifica’s 

MICROSTIRRER magnetic stirrer was used where 
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the effect of stirring was investigated. The stirrer has 

a speed knob with 10 speed blocks and a maximum 

speed of 1100 rpm. It is not possible to select a 

specific speed. 

pH Meter: WTW Multi 3320 potentiometric 

electrode was used for all pH measurements. 

 

D. Total Organic Carbon Analyzer 

Total organic carbon (TOC) analysis is not a process 

that directly oxidizes environmental pollutants. 

Instead, it is an analytical technique used to measure 

the total amount of carbon in organic compounds 

present in a water sample. TOC provides a broad 

measure of water quality, particularly in terms of 

organic contamination. Here’s how TOC analysis 

works and its relevance in the context of advanced 

oxidation processes (AOPs) and environmental 

pollution: 

 

TOC has become an important parameter used to 

monitor overall levels of organic compounds present. 

This has happened despite the lack of any direct 

quantitative correlation between total organic carbon 

and the total concentration of organic compounds 

present and reflects the importance of having an easy 

to-measure, general indicator of the approximate 

level of organic contamination. It also reflects the 

appeal of a parameter which has a name which 

sounds more fundamental than it is! In many cases, 

the TOC is used as an on-going monitor of change or 

lack of change in organic content. 

 

When completing TOC analysis, the following is 

measured: 

TC – Total Carbon 

TIC – Total Inorganic Carbon 

TOC – Total Organic Carbon 

POC – Purgeable Organic Carbon 

NPOC – Non-Purgeable Organic Carbon 

 

To calculate TOC, you can subtract the total amount 

of inorganic carbon from total carbon found. 

Alternatively, you can add purgeable and non-

purgeable organic carbon. As sums, they look like: 

 

TOC = TC – TIC 

TOC = POC –  NPOC 

TOC is universally measured by oxidizing the 

organic compounds present to form CO2 which can 

be quantified. A variety of oxidation and detection 

methods are used depending on the nature and 

concentration of TOC being measured and the 

analytical requirements (e.g. speed, sensitivity). 

 

The TOC analysis in this thesis used Shimadzu TOC-

V CPH series (Figure 7) total organic carbon 

analyser. The amount of TOC is measured by a high-

sensitivity analyser that is controlled by a personal 

computer. [26]. 

 

 
Figure 4: Total Organic Carbon Analyzer. 

 

Throughout this thesis, NPOC was the preferred 

method for analysing organic carbon content. To 

determine NPOC, an aliquot of the water sample is 

first acidified with 1 M hydrochloric acid (HCl). This 

acidification step helps to remove inorganic carbon 

species such as bicarbonates and carbonates by 

converting them into carbon dioxide (CO2), which is 

then sparged (purged) out of the sample using a 

carrier gas. After the removal of purgeable carbon, 

the remaining organic carbon in the sample is 

introduced into a combustion tube containing 

platinum catalyst beads, maintained at 720°C. At this 

high temperature, oxidation occurs, breaking down 

the organic matter and converting it into carbon 

dioxide (CO2). The CO2 produced is then detected 

using a non-dispersive infrared (NDIR) detector, 

which quantifies the NPOC content in the sample, 

NPOC analysis is widely used in water quality 

assessment and environmental studies to measure 

organic contamination levels. By removing inorganic 

carbon first, this method ensures that only non-

volatile organic carbon is measured, providing a 
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more accurate representation of organic pollution in 

the sample. The high-temperature combustion 

process ensures complete oxidation of organic 

compounds, while the NDIR detector precisely 

quantifies the CO2 concentration, giving a reliable 

measure of the sample’s organic carbon content [27]. 

Before operating the instrument, several preparation 

steps must be carried out. First, fresh ultrapure (UP) 

water is required, as it is used to wash and clean the 

instrument’s flowline, ensuring that no contaminants 

interfere with the analysis. Next, routine maintenance 

procedures should be performed, including removing 

residual contaminants, replacing the flowline if 

necessary, and thoroughly washing internal 

components. These steps help maintain the accuracy 

and efficiency of the instrument, preventing cross-

contamination and ensuring reliable results. Proper 

instrument preparation is crucial for obtaining precise 

measurements. Ultrapure water ensures that no 

external organic or inorganic matter affects the 

sample readings. Additionally, regular maintenance, 

such as removing residues and replacing worn-out 

flowlines, extends the instrument’s lifespan and 

maintains its sensitivity for detecting organic carbon 

in water samples. 

 

In the context of advanced oxidation processes and 

the treatment of environmental pollutants, TOC 

analysis serves several critical roles such as 

monitoring efficiency. TOC is used to monitor the 

efficiency of AOPs in removing organic pollutants. A 

decrease in TOC over time indicates that organic 

contaminants are being oxidized and removed from 

the water. 

 

Assessing nineralization: TOC provides a measure of 

the extent of mineralization of organic pollutants. 

Complete mineralization of an organic compound 

would result in the conversion of all its carbon to 

CO2, leading to a significant reduction in TOC. 

 

Tracking by-products: By comparing TOC levels 

before and after treatment, it is possible to infer the 

formation and subsequent removal of intermediate 

by-products. If TOC does not decrease significantly 

despite the removal of specific contaminants, it may 

indicate the presence of intermediate organic by-

products. 

 

Water quality assessment: TOC is a comprehensive 

indicator of water quality, reflecting the total burden 

of organic contamination. Regular TOC analysis 

helps in assessing the overall impact of pollutants on 

water bodies and the effectiveness of treatment 

processes. 

 

IV.     RESULTS AND DISCUSSION 

 

Three different stock solutions of (IP) ibuprofen were 

made, 0.0105 g was dissolved in a 1.0 L volumetric 

flask followed by 0.0155 g dissolved in 0.5 L and 

0.0127 g dissolved in 2.0 L volumetric flask. These 

concentrations were maintained throughout the 

experiments, the IP was measured into the volumetric 

flask followed by deionized water of the appropriate 

volumes respectively. The solution is gently swirled 

to incorporate the IP to completely dissolve in the 

solvent used. Once the IP was no longer visible on 

the bottom or top, the flask was filled up to the mark 

with deionized water, sealed, and inverted 10 times to 

ensure complete incorporation and homogeneity.  

 

Prepared hydrogen peroxide solutions were made 

from the commercially available solution. The 

volume of the prepared solutions depended on the 

volume required for a specific set of experiments e.g. 

using a pipette, 0.6 ml H2O2 was added into a 250 

mL volumetric flask and filled up to the mark with 

deionized water. The flask is sealed and inverted 10 

times to ensure the solution is well-mixed. 

 

0.0147 g of Fe(II) was weighted using the analytical 

balance and it was diluted into 100 mL, the 

concentration of prepared Fe(II) solutions was 

maintained. After preparing the solutions, the mixture 

was swirled to dissolve as many crystals as possible. 

Sulfuric acid was added in 3-ml increments and the 

solution swirled in between each addition. The mix 

was left to settle for 2 minutes after each addition 

until there are no more undissolved crystals.  

 

A. Determination of TOC content of KHP 

Potassium hydrogen phthalate (KHP) was measured 

as a preliminary experiment to test the efficiency of 

the instrument and method, two sets of five stock 

solutions of increasing concentrations were prepared. 

Deionized water was used to prepare the solutions 

while maintaining the same volume of deionized 
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water with different masses of the solute. Each stock 

solution was diluted by a factor of 20 in the TOC 

vials, i.e., 2 ml KHP solution with 38 ml deionized 

water. 

 

 
Figure 5: TOC in KHP, solvent used; deionized 

water. 

 

This is to certify that the TOC analyser has been 

tested for operational efficiency using a certified 

standard solution of KHP. The system suitability 

tests, including response factor, linearity, and system 

blank, were conducted in accordance with Insert 

Applicable Guideline, all results met the acceptance 

criteria, demonstrating that the instrument is 

functioning properly and is suitable 

for TOC analysis. 

 

B. Preliminary experiment. 

The preliminary experiment was carried out to find 

out whether the removal of IB is happening. The 

reference solution (IB and DI water) and a model 

solutions containing IB, H2O2, and in the absence 

and presence of the catalyst (Fe(II)). 

 

In the reference solution, the TOC readings were 

reasonably stable during the course of the 

measurement (Fig. 7). 

 

 

 
Figure 6: TOC removal without oxidant and catalyst 

with respect to time. 

 

c(IB) = 0.064 mM, solvent: DI water 

The measurement of model solution had in the 

absence of the catalyst similarly showed no 

significant change of the TOC, which means that no 

removal was occurred in the absence of Fe(II) in 

more than 5 hours from reaction started (Fig. 8). This 

observation is in line with earlier studies of the 

Fenton process where no detectable change occurred 

in the mixtures of the organic substance and H2O2 in 

the absence of Fe(II) as catalyst. [18] 

 

 
Figure 7: TOC removal in the presence of oxidant 

with respect to time. 

 

c(IB) = 0.064 mM, c(H2O2) = 0.94 mM, solvent: DI 

water 

In another experiment, Fe(II) was also added to the 

reaction mixture. The obtained TOC values were 

plotted against the time passed between mixing the 

reactants (initiation) and the actual time of the 

measurement of the given sample. Results are shown 

in Figure 9. It seems that most of the reaction is over 

about 250 minutes. In the final two readings, the 
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change in TOC can be considered negligible as the 

TOC value in the solution tended to be the same. 

 

The oxidation of Ibuprofen using hydrogen peroxide 

(H₂O₂) in the presence of a Fe²⁺ catalyst (Fenton’s 

reagent) resulted in effective degradation of organic 

carbon, indicating successful oxidation. However, a 

slight increase in TOC observed in the final sample 

suggests the possible delayed release of adsorbed 

carbon species. This may be attributed to secondary 

reactions occurring after the initial oxidation, sample 

instability, or partial re-solubilization of organic 

residues. Overall, the use of Fe²⁺ as a catalyst 

significantly enhanced the oxidation efficiency 

compared to H₂O₂ alone. 

 

However, it is worth noting that even after 5 hours, 

the TOC does not reach zero i.e. complete 

mineralization is not achieved despite the 15-fold 

excess of the oxidant. 

 

 
Figure 8: TOC removal in the presence of oxidant 

and catalyst with respect to time. 

 

c(IB) = 0.064 mM, c(H2O2) = 0.94 mM, c(Fe(II)) = 

0.085 mM, solvent: DI water 

 

CONCLUSION 

 

The experimental investigation demonstrated the 

efficiency of Fenton’s reagent—hydrogen peroxide 

(H₂O₂) in the presence of Fe(II)—in the oxidation and 

partial mineralization of ibuprofen (IB) in aqueous 

solutions. Control experiments without the oxidant or 

catalyst showed negligible TOC reduction, 

confirming that both components are essential for 

initiating and sustaining the degradation process. The 

introduction of Fe(II) significantly enhanced the 

oxidation reaction, with most of the TOC reduction 

occurring within the first 250 minutes. However, 

complete mineralization of ibuprofen was not 

achieved, as evidenced by the residual TOC values, 

even with a substantial excess of the oxidant. The 

slight increase in TOC observed in the final 

measurements suggests possible secondary reactions 

or desorption of intermediate byproducts. These 

results affirm the potential of the Fenton process as 

an effective method for the degradation of 

pharmaceutical contaminants like ibuprofen, while 

also highlighting the need for further optimization to 

achieve complete mineralization. 
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