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 Abstract : This paper is on ‘An overview of the Fenton Process for Industrial Wastewater’. Fenton Reaction 

applied to the treatment of industrial waste water. The importance of wastewater treatment to the environment is 

discussed, followed by the benefits and limitations of treatment technique. Chemical fundamentals are focused on 

the generation of hydroxyl radicals. This method is based on the use of radical generators like hydrogen 

peroxide, Fenton's reagent. The aim of study is to introduce the Fenton processes for the reduction of chemical 

oxygen demand in wastewaters from industry. 
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I. Introduction 
In recent years, with an increase in the stringent water quality regulations due to environmental 

concerns, extensive research has focused on upgrading current water treatment technologies and developing 

more economical processes that can effectively deal with toxic and biologically refractory organic contaminants 

in wastewater. The development and application of several Advanced Oxidation Processes (AOPs) to destroy 

toxic and biologically refractory organic contaminants in aqueous solutions concentrated significant research in 

the field of environmental engineering during the last decades.[1] 

Advanced Oxidative Degradation Processes (AOPs) comprise of techniques such that, under certain 

conditions, it could transform the vast majority of organic contaminants into carbon dioxide, water, and 

inorganic ions as a result of oxidation reactions. In recent decades, problems affecting the environmental quality 

of ecosystems have become increasingly critical and frequent. An ecosystem consists of abiotic and biotic 

components (including human influences) that present an interconnected and interdependent network through 

soil, air and water. Changes to only one of these segments can result in changes in the ecosystem as a whole. 

These problems are due in large part to the impact of anthropic activities, mainly due to population growth and 

increased industrial activity. One of the major environmental problems today refers to the impact associated 

with the disposal of industrial wastewater and other residues into superficial and underground water bodies. 

Solutions to this issue require combined approaches, concerning generation, treatment, and disposal into the 

environment not only of effluents but passive residues produced by specific treatments: physical (resulting 

primarily from the formation of low-solubility solids and auxiliary reagent for flocculation and precipitation); 

chemical (promising, but still undergoing up-scaling as emergent processes); microbiological (the most 

commonly used on industrial scale in terms of versatility and cost); or combined hybrid process. Several 

techniques are available for wastewater treatment (as mentioned before, chemical, physical and biological 

processes) as well as the use of combinations of these techniques to an optimal result. When organic compounds 

in wastewaters present recalcitrant characteristics precluding treatments by conventional biological methods, 

chemical oxidation can be used as pre- or post-treatment, decreasing toxicity before applying a conventional 

biological process or conditioning the effluent to required maximum concentrations (i.e., oxidize non- 

biodegradable residues). Chemical oxidation can also be used as a post treatment to oxidize non-biodegradable 

residues present in wastewater treated by biological processes. Each treatment technique has positive aspects 

and constraints in relation to applicability, efficiency and cost.  [2] 

Fenton process is attractive alternative to conventional oxidation processes in effluent treatment of 

recalcitrant compounds. The oxidation of organic substrates by iron (II) and hydrogen peroxide is called the 

“Fenton chemistry”, and it was first described by H.J.H. Fenton. There is something intriguing and at the same 

time fascinating that a simple reaction (of Fe2+ions with H2O2), which was observed by H.J.H. Fenton over 

110 years ago, proves to be very difficult to describe and understand. It was first described by H.J.H. Fenton 

who first observed the oxidation of tartaric acid by H2O2 in the presence of ferrous iron ions. Alternatively, the 

name of “Fenton Reaction” or “Fenton reagent” is often used. [3] H.J.H Fenton discovered in 1894 that several 

metals have a special oxygen transfer properties which improve the use of hydrogen peroxide. Actually, some 

metals have a strong catalytic power to generate highly reactive hydroxyl radicals (•OH). Since this discovery, 

http://www.lenntech.com/hydrogen-peroxide.htm


IOSR Journal of Mechanical and Civil Engineering (IOSR-JMCE) 

e-ISSN : 2278-1684, p-ISSN : 2320–334X 

PP 127-136 

www.iosrjournals.org 

 Innovation in engineering science and technology (NCIEST-2015)                                        128 | Page 

JSPM’S Rajarshi Shahu College Of Engineering,Pune-33,Maharashtra ,India 

the iron catalyzed hydrogen peroxide has been called Fenton's reaction. Nowadays, the Fenton's reaction is used 

to treat a large variety of water pollution such as phenols, formaldehyde, pesticides, and rubber chemicals and so 

on. Two years after Fenton‟s death the hydroxyl radical mechanism was mentioned for the first time in 1931 by 

Haber and Willstatter in a paper on radical chain mechanisms. They suggested that OH• could be produced by 

one-electron reduction of H2O2 by HO2• and that OH• could abstract hydrogen from a carbon-hydrogen bond 

and initiate radical chain reactions. Following on in 1932 Haber and Weiss suggested OH• production by one-

electron reduction of H2O2 by Fe2+.
 
[3] 

We know that the Fenton reagent defined as a mixture of hydrogen peroxide and ferrous iron is 

currently accepted as one of the most effective methods for the oxidation of organic pollutants.[3] Among 

AOPs, the Fenton‟s reagent is an interesting solution since it allows high depuration levels at room temperature 

and pressure conditions using innocuous and easy to handle reactants. The inorganic reactions involved in 

Fenton process are well established and the process has been used for the treatment of a variety of wastewaters. 

The high efficiency of this technique can be explained by the formation of strong hydroxyl radical (OH•) and 

oxidation of Fe2+to Fe3+. Both Fe2+and Fe3+ ions are coagulants, so the Fenton process can, therefore, have 

dual function, namely oxidation and coagulation, in the treatment processes (Badawy & Ali, 2006). It is 

essential, though, to investigate and set the operating conditions that best suits the wastewater that are being 

treated in order to achieve high degradation efficiencies.[1] Comprehensive investigations showed that the 

Fenton reagent is effective in treating various industrial wastewater components including aromatic amines, a 

wide variety of dyes, pesticides, surfactants explosives as well as many other substances.[3] 

In comparison to other oxidation processes, such as UV/H2O2 process, costs of Fenton oxidation are 

quite low. Fenton oxidation has been used for different treatment processes because of its ease operation, the 

simple system and the possibility to work in a wide range of temperatures. Hydroxyl radicals are powerful 

oxidizing reagents and exhibits faster rates of oxidation reactions as compared to that using conventional 

oxidants like hydrogen peroxide or KMnO4.[4] 

 

II. Theoretical Contents 
Treatment methods vary with the wastewater characteristics. In economic point of view, the most 

economical and efficient methods are preferable compare to the other. Chemical methods, biological methods 

and physical methods are the general treatment that are being used and further investigations by researchers 

proves that chemical methods are the most efficient and economical compare to the other two methods. 

In general, the following are positive aspects of Fenton: 

 Unlike conventional technologies which use strongly oxidant species, under certain conditions AOPs 

can provides the complete mineralization of pollutants; 

 Used for the destruction of refractory compounds resistant to other treatments, such as biological 

processes; 

 Allow the conversion of recalcitrant compounds and refractory contaminants submitted to 

biodegradation systems; 

 It can be used in combination with other processes for pre-or post-treatment; 

 Possess strong oxidizing power with high reaction rates; 

 The formation of by-products can be minimized if optimized amounts of reactants are employed; 

 In many cases, AOPs consume less energy compared to thermal destruction processes (incineration) of 

liquid wastewaters.[2] 

 

2.1. Theory of Fenton Process 

A century ago, the catalytic oxidation of tartaric acid in the presence of ferrous salts and hydrogen 

peroxide was reported by Fenton. In the Fenton reaction hydroxyl radicals are generated from the reduction of 

hydrogen peroxide. However, this spontaneous reaction was only proposed 40 years after the report of Fenton: 

“Fe
2+

+ H2O2 → Fe
3+

+ •OH + OH
-
” (1) 

In the absence of a substrate or in the presence of high concentrations of Fe2+, the hydroxyl radicals 

formed can oxidize other ferrous ions to ferric ion, as in Equation: 

“Fe
2+

+ •OH → Fe
3+

+ OH
- 
”            (2) 

Fenton process requires the usage of hydrogen peroxide (H2O2) as the oxidation agents. However, 

hydrogen peroxide alone is still not enough to conclude the reaction because of high concentration of certain 

refractory contaminants and the low rate of reactions at reasonable H2O2 concentration. Further research 

improves this Fenton process by using transition metal salts, ozone and also UV-light. Oxidation  process that 
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use H2O2 and metal salts are classically known as Fenton process. The reaction between H2O2 and iron salts it 

will results in the formation of hydroxyl radicals, HO•. This advances oxidation techniques [E. Neyens et. al., 

2002] with the presence of HO•, will nonspecifically oxidize target compounds at high reaction rates. [5] 

 

2.1.1. Materials 

The main chemical used for Fenton process is hydrogen peroxide (H2O2).Hydrogen peroxide (H2O2) 

is a strong oxidant and its application in the treatment of various inorganic and organic pollutants is well 

established. Still H2O2 alone is not effective for high concentrations of certain refractory contaminants because 

of low rates of reaction at reasonable H2O2concentrations. Improvements can be achieved by using transition 

metal salts (e.g. iron salts) or ozone and UV-light can activate H2O2 to form hydroxyl radicals, which are strong 

oxidants. Oxidation processes utilizing activation of H2O2 by iron salts, classically referred to as Fenton‟s 

reagent is known to be very effective in the destruction of many hazardous organic pollutants in water. Secondly 

is an iron salt to catalyze Fenton process and aid as the coagulant for coagulation process. It is also known as 

reducing agent. [5] 

 

2.1.2. Hydrogen Peroxide. 

Hydrogen peroxide (H2O2), is a strong oxidant and its application in the treatment of various inorganic 

and organic pollutants is well established. The molecules of H2O2 consist of two hydrogen molecules and two 

oxygen molecules. 

 
Fig.1:- Molecular Arrangement of Hydrogen Peroxide 

By the dissociation into oxygen and water, H2O2, can also supply oxygen for microorganism in 

biological treatment facilities and in bioremediation of contaminated sites. It can be used as a disinfecting agent 

in the control of undesirable bio-film growth. H2O2 can be decomposed into water and oxygen by enzymatic and 

non-enzymatic routes. 

 

2.1.3. Hydrogen Peroxide In Fenton Process. 

Still H2O2 alone is not effective for high concentrations of certain refractory contaminants because of 

low rates of reaction at reasonable H2O2 concentrations. Improvements can be achieved by using transition 

metal salts (e.g. iron salts) or ozone and UV-light can activate H2O2 to form hydroxyl radicals, which are strong 

oxidants. Oxidation processes utilizing activation of H2O2 by iron salts, classically referred to as Fenton‟s 

reagent is known to be very effective in the destruction of many hazardous organic pollutants in water. 

 
2.1.4. Oxidation by Hydrogen Peroxide (H2O2) 

Hydrogen peroxide produced hydroxyl radicals, OH• when used as the oxidation reagents. It oxidized 

theFe
2+

ions into Fe
3+

. The Fenton reaction causes the dissociation of the oxidant and the formation of highly 

reactive hydroxyl radicals that attack and destroy the organic pollutants. 

 

2.1.5. Oxidation by Fenton Process. 
Oxidation is defined as the interaction between oxygen molecules and all the different substances they 

may contact, from metal to living tissues. Technically, however, with the discovery of electrons, oxidation came 

to be more precisely defined as the loss of at least one electron when two or more substances interact. Those 

substances may or may not include oxygen. Incidentally, the opposite of oxidation is reduction the addition of at 

least one electron when substances come into contact with each other [M. Pollick et al., 2009]. In wastewater 

treatment, oxidation is done for example, by using hydrogen peroxide (H2O2) as the oxidation agent, called as 

the Fenton process. The agent used for Fenton process is mainly hydrogen peroxide (H2O2). 

Numerous applications of H2O2 in the removal of pollutants from wastewater, such as sulphites, 

hypochlorites, nitrites, cyanides, and chlorine, are known [Venkatadri, Peeters et al., 1993]. H2O2 is also useful 

in the treatment of the gaseous sulphur oxides and nitrogen oxides being converted to the corresponding acids. 
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H2O2 has applications in the surface treatment industry involving cleaning, decorating, protecting and etching of 

metals. Oxidation by H2O2 alone is not effective for high concentrations of certain refractory contaminants, such 

as highly chlorinated aromatic compounds and inorganic compounds (e.g. cyanides), because of low rates of 

reaction at reasonable H2O2 concentrations. Transition metal salts (e.g. iron salts), ozone and UV-light can 

activate H2O2 to form hydroxyl radicals which are strong oxidants. [5] 

 

2.1.6. Fenton Oxidation Treatment 

 
Fig.2:- Typical scheme for Fenton treatment 

A schematic representation of the Fenton oxidation treatment is shown in Fig.2.Typically a stirred 

batch reactor is used where the pH is controlled commonly within the 3–3.5 range. Fe
2+

 is most frequently added 

as ferrous sulphate and H2O2 is usually fed as 35% aqueous solution. The process usually works at ambient 

temperature and pressure. The reactor vessel must be coated with an acid-resistant material, because corrosion 

can be a serious problem. Addition of reactants is performed in the following sequence: 

Waste-water, followed by dilute sulphuric acid (for maintaining acidic conditions), the catalyst (Fe
2+

 

salt) in acidic solution, base or acid for pH adjustment and finally hydrogen peroxide. 

The discharge from the Fenton reactor passes to a neutralization tank and after flocculants addition the Fe (OH)3 

and other accompanying solids are separated by settling. If necessary, a final sand-filtration stage can be used. 

One of the advantages of the Fenton process with regard to other oxidation techniques is that no energy 

input is necessary to activate hydrogen peroxide because the reaction takes place at atmospheric pressure and at 

room temperature. Furthermore, this method requires relatively short reaction times and uses easy-to-handle 

reagents. [6] 

 

2.1.7. Kinetic  Schemes 

Fenton‟s reagent is a mixture of H2O2 and ferrous iron, which generates hydroxyl radicals according to 

the reaction (Kitis et al. Yoon et al. ; Lu et al.) 

“Fe
2+

+ H2O2→Fe
3+

+ OH• + OH
− 

”             (1) 
The ferrous iron (Fe

2+
) initiates and catalyzes the decomposition of H2O2, resulting in the generation of 

hydroxyl radicals. The generation of the radicals involves a complex reaction sequence in an aqueous solution. 

“ Fe
2+

+ H2O2→Fe
3+

 + OH• + OH
− 

”  (chain initiation)   (1) 
“ OH• +Fe

2+
+ → OH

−
 +Fe

3+ 
” (chain termination)       (2) 

Moreover, the newly formed ferric ions may catalyze hydrogen peroxide, causing it to be decomposed 

into water and oxygen. Ferrous ions and radicals are also formed in the reactions. The reactions are as shown in 

Equations (3) – (7). 

“ Fe
3+

 +H2O2↔ Fe–OOH2
+
+ H

+ 
” (3) 

“ Fe–OOH2+ → HO2 • + Fe
2+

  ”    (4) 

The reaction of hydrogen peroxide with ferric ions is referred to as a Fenton-like reaction 

“ Fe
2+

 + HO2 • →Fe
3+

+ HO−
 2 

”
      

(5) 

“ Fe
3+

 + HO2 • →Fe
2+

 + O2 + H
+ 

” (6) 

“ OH• + H2O2→ H2O + HO2• ”   (7) 

As seen in reaction [7], H2O2 can act as an OH• scavenger as well as an initiator {reaction [1]}. 
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Hydroxyl radicals can oxidize organics (RH) by abstraction of protons producing Organic radicals (R•), 

which are highly reactive and can be further oxidized (Walling Kato et.al.) 

“ RH + OH• → H2O + R•” → further oxidation  (8) 

If the concentrations of reactants are not limiting, the organics can be completely detoxified by full 

conversion to CO2, water and in the case of substituted organics, inorganic salts if the treatment is continued. 

“2Fe
2+

 + H2O2 + 2H
+
→2Fe

3+
 + 2H2O ”  (9) 

This equation suggests that the presence of H
+
 is required in the decomposition of H2O2, indicating the 

need for an acid environment to produce the maximum amount of hydroxyl radicals. [5] 

 

III. Case Study 
Fenton's reaction were examined and optimized at pH 3, H2O2 concentration. Oxidation experiments 

were run at constant room temperature (20 ± 1 °C), 500 mL glass beakers that were continuously stirred for up 

to 0.5 h at a constant rate of 90 rpm, after initiation of the Fenton process. For that purpose, first the pH of the 

freshly prepared effluent solution was adjusted to 3.0 by using 6 N H2SO4. Afterwards, proper amounts of 

FeSO4·7H2O were added to the reaction solution as the ferrous iron source. The reaction was assumed to start 

with the addition of H2O2. After the selected reaction time, usually set as 0.5 h for the preliminary optimization 

experiments. Calcium hydroxide was used in flocculation step as coagulants. Chemical coagulants were added 

and mixed for 2 min under rapid mixing condition (100 rpm). The solution was mixed at slow flocculation (30 

rpm) for 0.5 h after rapid mixing. Residual COD and pH of supernatant were measured after settling for 1 h. 

3.1 Fenton process 

In order to determine the optimum initial H2O2 concentration, a set of experiments was carried out for 

wastewater for which the concentration of H2O2 was progressively. All experiments were carried out for 0.5 h of 

reaction time and at an initial pH of 3. NaOH was added until the pH became 8 for precipitation conditions. Per 

cent COD removal efficiencies obtained after Fenton's treatment of wastewater at varying initial H2O2 

concentrations are presented in Fig.3. Therefore, H2O2 should be added at the optimal concentration to achieve 

the best degradation. 

 
Fig.3:- Chemical oxygen demand(COD) removal rates for differing doses of H2O2. 

Role of pH in Fenton reaction must be determined. The COD degradation of substances by Fenton 

treatment as a function of pH are shown in Fig. 4. The experiments were carried out a pH range from 2 to 4 

(Fig.4). 

The results clearly indicate that the extent of degradation decreases with the increase in pH value for 

pH 2-4. This demonstrates that the most effective pH value for degradation of the selected substrates by Fenton 

treatment is 3. At acidic pH values, it has been shown that H2O2 decomposes to produce OH• radicals. For pH 

values above 4, the degradation strongly decreases because at higher pH values iron precipitates as ferric 

hydroxide. 

 



IOSR Journal of Mechanical and Civil Engineering (IOSR-JMCE) 

e-ISSN : 2278-1684, p-ISSN : 2320–334X 

PP 127-136 

www.iosrjournals.org 

 Innovation in engineering science and technology (NCIEST-2015)                                        132 | Page 

JSPM’S Rajarshi Shahu College Of Engineering,Pune-33,Maharashtra ,India 

 
Fig.4:- Chemical oxygen demand(COD) removal 

Efficiencies  for differing pH values 
The oxidation efficiency of the Fenton reaction is at a maximum when the pH value is between 2-5. It 

is concluded that COD removal can be affected by H2O2 Concentration and pH value. By reacting wastewater 

with different values of H2O2 & pH Fenton process shows above results and helps to maintain the standards of 

wastewater to some extent. [4] 

3.2 Advantages of Fenton Process 

1)   There is complete mineralization of organic matter. 

2)   There is no need for any processing units on the surface. 

3)  This process reduces organic loading in terms of chemical oxygen demand and done the removal of     

recalcitrant and toxic pollutants thus allowing for further conventional biological treatment.  

4)   Fenton process is a relatively economical method since it requires no additional energy when compared to 

many other AOPs. Furthermore, both iron and hydrogen peroxide are relatively cheap and safe. 

3.3 Disdvantages of Fenton Process 

1)  The reactions are efficient at low pH-levels (<6) - which is difficult to maintain. 

2)  In some cases chemical oxidation may even lead to increased toxicity due to the formation of even more 

toxic oxidation by-products. 

 

IV. Global And National Scenario 
Industrial pollution has been and continues to be a major factor causing the degradation of the 

environment around us, affecting the water we use, the air we breathe and the soil we live on. 

But of these, the pollution of water is arguably the most serious threat to current human welfare. Water 

is polluted not only by industries but also by households. Both industries and household waste-water contain 

chemicals and biological matter that impose high demands on the oxygen present in water. Polluted water thus 

contains low levels of dissolved oxygen as a result of the heavy biological oxygen demand (BOD) and chemical 

oxygen demand (COD) placed by industrial and household waste materials discharged into water bodies and 

water systems, both above and below the earth‟s surface. In addition to low levels of dissolved oxygen in water, 

industrial wastes(effluents) also contain chemicals and metals that are directly harmful to human health and the 

ecosystem.[9] 

Industrialization has become an important factor to the development of a country‟s economy, through 

the establishment of plants and factories. However, the waste or by-products discharged from them are severely 

disastrous to the environment consists various kind of contaminant which contaminate the surface water, ground 

water and soil. There are a number of reasons the waste are not safely treated. One of the reasons is mainly due 

to the lacking of highly efficient and economic treatment technology.  

4.1. Effect Of Industrial Wastewater On Ecosystem Or Global Environment 

Humans are dependent upon eco-system services such as air, water, food, and for provision of 

materials for development and construction. While the importance of ecosystems and their services cannot be 

underestimated, a wide range of human and natural processes have altered the way they function, eroding their 

capacity to deliver these vital ecosystem services for human well-being. Surface water is usually rain water that 

collects in surface water bodies, like oceans, lakes, or streams. Surface water can become contaminated in many 

ways, one of which is direct recharge can come from industries sources. A change in the water chemistry due to 

surface water contamination can negatively affect all levels of an ecosystem. It can impact the health of lower 

food chain organism and consequently the contaminated surface water can also affect the health of animals and 
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humans when they drink or bathe in contaminated water or for aquatic organism when they ingest contaminated 

sediments. Degradation of water quality or depletion of water resources and loss of aquatic biodiversity are 

prominent features of the environmental landscape requiring urgent attention at global and national level.   

 

4.2. Human Activities And Global Water Quality 

Human development actions have resulted in the destruction of wetlands, diminishing their capacity to 

prevent floods, filter water pollutants, regulate climate, among others, as they result in simplified systems and 

reduce their intrinsic resilience to change. Increasing impacts on water and eco systems may result partly from 

ignorance of human development actions on the environment, and an inadequate understanding of ecosystem 

values. 

Aquatic ecosystems have long been used as a medium for transporting and disposing of human, 

agricultural, and industrial wastes, discharged directly or indirectly into the water courses. More than 80 per cent 

of sewage in developing countries is discharged untreated, polluting rivers, lakes and coastal areas (WWAP, 

2009) and remains far from satisfactory even in some developed countries. Pollutants including microbes, 

nutrients, heavy metals, organic chemicals, oil and sediments; heat, which raises the temperature of the 

receiving water, are typically the cause of major water quality degradation around the world. Major nutrient 

sources to ecosystems include agricultural runoff, domestic sewage, industrial effluents and atmospheric inputs. 

Pressures emanating from population growth, urbanization, globalization of trade, consumption patterns, 

increasing energy demands, growing waste quantities, economic growth, and climate change pose an immediate 

danger to the current situation.  

 

4.3. Industrial Pollution  

Industrial activities are a significant and growing cause of poor water quality. Industry and energy 

production use account for nearly 20 per cent of total global water withdrawals, and this water is typically 

returned to its source in a degraded condition. 

While industrial production can affect water quality, industrial production can also be negatively 

impacted by poor water quality. Water is critical to many industrial processes, such as heating and cooling, 

generating steam, and cleaning, and as a constituent part of some products, such as beverages. Poor quality 

water may force an industrial facility to relocate, find a new source of water, or halt production, or it may 

decrease the quality of the product. 

Much of industrial wastewater is discharged without treatment to open water courses, reducing the 

quality of larger volumes of water and sometimes infiltrating aquifers and contaminating groundwater resources. 

Worldwide, it is estimated that industry is responsible for dumping 300-400million tons of heavy metals, 

solvents, toxic sludge, and other waste into waters each year (UNEP, 2010). While significant progress has been 

made in many developed nations to reduce direct discharges of pollutants into water bodies, more than 70 per 

cent of industrial wastes in developing countries are dumped untreated into waters (UN-Water Statistics). 

Industrial pollutants often alter broad water quality characteristics, such as temperature, acidity, salinity, or 

turbidity of receiving waters, leading to altered eco systems and higher incidence of water-borne diseases. 

Impacts can be heightened by the synergistic combination of contaminants affecting species communities and 

structures, wildlife habitats, biodiversity, degradation of other environmental services, and in decreased 

productivity and simplification of tropic webs. 

Industrial pollution is expected to increase in emerging market economies with economic and industrial 

development. Industries based on organic raw materials are the largest contributors of organic pollution, while 

oil, steel and mining industries represent the major risk for heavy metal release. Heavy metals from industrial 

discharges can accumulate in the tissues of humans and other organisms. [10] 

 

4.4. Wastewater And Industrial Wastewater In India 

According to India's Central Pollution Control Board, the country has an installed capacity to treat only 

about 30% of the household waste it generates – the rest is released into open drains or straight into the ground. 

And just two cities, Delhi and Mumbai, which generate around 17% of the country's sewage, have nearly 40% 

of its installed capacity. According to Asit K Biswas and Peter Brabeck Letmathe, while 90% of households in 

Delhi are considered to have adequate sanitation because they have indoor toilets, almost all of Delhi's untreated 

wastewater flows into the Yamuna River, a source of drinking water for cities downstream. If India were to 

widely deploy adequate treatment technology, the country would be able to significantly expand its available 

water supply, both for potable and non-potable use. Our economy, industry and most importantly, our people, 

would reap the benefits. [11] 
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Surface water has the highest concentration of cations and anions. Surface water is affected by 

industrial effluents which have high concentration of Na, Ca, Mg, K, Cl, SO4 and HCO3.These parameters are in 

more than desirable limits which could be the result of direct dumping of effluents into the water bodies. The 

industrial effluents are let into the stream directly during rainy days thus leading to accumulation of elements in 

surface water, which together with rain water, flow down to stream and join the major drainage system and 

these water in due course percolate down to join ground water reservoir.  

Some industries like textile industries consume a large quantity of water and generate a huge amount of 

wastewater, which are generally discharged into a common effluent drain of industrial area. The composite 

effluents from industries in city consisting high concentrations of heavy metals, organic pollutants and toxic 

colors, which may affect the quality of surface water, soil, groundwater and plant tissues of the region. Toxic 

pollutants may percolate down via soil profile and reach in groundwater, which ultimately cause the health 

hazards among human being and livestock after consumption as daily drinking requirements (Malik and Bharti, 

2010). The wastewater without any treatment may cause adverse effect on the health of human, domestic 

animals, wildlife and environment. Contaminated ground water has deteriorated the drinking water and impacts 

on soil systems and crop productivity. [12] 

 

V. Application 
Application Of Fenton Oxidation To Industrial Wastewater 

Chemical  Industry 
The chemical industry is a major contributor to the nowadays problem of industrial wastewaters, not 

only in terms of discharge volumes, but also looking at the hazardous nature of many of the pollutants found in 

the effluents. The increasingly stringent regulations have enforced the application of advanced technologies like 

Fenton oxidation for complying the discharge limits and allowing for water recycling. 

 

Pharmaceutical Industry 
Treatment of pharmaceutical wastewaters has always been troublesome owing to the wide variety of 

chemicals used in drug manufacturing, which leads to wastewaters of variable composition and fluctuations in 

pollutant concentrations. The substances synthesized by the pharmaceutical industry are in most cases 

structurally complex organic chemicals that are resistant to biological degradation. For this reason, conventional 

methods are usually inappropriate for the treatment of pharmaceutical wastewaters and advanced oxidation 

processes can be considered good candidates for providing feasible technical solutions. 

Fenton oxidation has proved to be a suitable pretreatment for an extremely polluted pharmaceutical 

wastewater, mostly due to recalcitrant compounds. Fenton oxidation is applied as a pre-treatment for the 

wastewaters generated by a drug manufacturing, leading to an improvement of the wastewater biodegradability 

and a reduction of the toxicity of these effluents. 

Pulp And Paper Industry 
More than 250 chemicals may present in the effluents resulting from the different stages of 

papermaking. Whereas some of these pollutants are naturally occurring wood extractives (tannins, resin acids, 

lignin, etc.), others are xenobiotic compounds that are formed mostly in pulp manufacture (chlorinated lignin, 

phenols, dioxins and furans, among others).These effluents are highly colored and contain high organic loads. 

Fenton oxidation is effective for the treatment of pulp bleaching effluents. 

 

Textile Industry 
Textile industry is particularly known for its high water consumption as well as the amount and variety 

of chemicals used throughout the different operations.The environmental problems associated with textile 

effluents are in a great part due to color. The bio-refractory nature of textile wastewaters from the dyeing and 

finishing stages is mainly attributable to the extensive use of various dyestuffs and chemical additives (such as 

polyvinyl alcohol, surfactants, etc.). Therefore, the wastewaters are characterized by high organic matter content 

(COD), color. Fenton process is effective in removing COD and color. 

 

Food Industry 
The Fenton technology has also proved to be effective for the treatment of wastewaters generated by 

the food industry. This includes wastewaters from olive oil extraction plants, commonly named „olive mill 

wastewaters‟ and wastewaters generated by the table olive producing industry. In the former case, the oily juice 

is extracted from the fruit through simple milling or, more recently, by centrifugation. Table olive production 
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requires a previous treatment in order to eliminate the bitterness of the fruit, due to the presence of polyphenolic 

compounds. For this purpose, the olives are treated with a 2% sodium hydroxide solution, followed by 

consecutive water rinsing. The high contaminant load of the wastewaters generated in these processes includes 

polyphenols among the most important pollutants. Moreover, the chelating character of some compounds 

present in these effluents leads to the presence of some toxic heavy metals in solution. Color of wastewater  

removed by Fenton process almost completely. 

 

Landfill Leachates 
Although landfill leachates have been proved to be toxic and recalcitrant, land filling still remains one 

of the main systems for municipal and industrial solid waste disposal. The composition of landfill leachates 

varies greatly depending on the type of wastes and the age of the landfill. Biological treatments including 

anaerobic and aerobic processes have shown to be very effective in the early stages when dealing with domestic 

wastes because the BOD/COD ratio of the leachate has a high value. However, this ratio generally decreases as 

the age of landfill increases, due to the presence of pollutants that inhibit biomass activity and/or are recalcitrant 

to biological treatments. To treat these aged or refractory landfill leachates different methods have been used, 

such as flocculation–precipitation, adsorption on activated carbon, evaporation, chemical oxidation and 

incineration. Among them, growing interest has been focused on advanced oxidation processes, which can 

achieve a substantial reduction of COD and improvethe biodegradability. 

 

Biomedical Application 
The Fenton reaction has importance in biology because it involves the creation of free radicals by 

chemicals. Transition-metal ions such as iron and copper donate or accept free electrons via intracellular 

reactions and help in creating free radicals. Most intracellular iron is in ferric (+3 ion) form and must be reduced 

to the ferrous (+2) form to take part in Fenton reaction. [6] 

 

Dry-Process Industrial Waste 
There is a need for the development of on-site wastewater treatment technologies suitable for “dry-

process industries,” such as the wood-floor sector. Due to the nature of their activities, these industries generate 

lower volumes of highly polluted wastewaters after cleaning activities. Advanced oxidation processes such as 

Fenton is potentially feasible options for treatment of these wastewaters. [7] 

Fenton is effective in treating various industrial wastewater components including aromatic amines, a 

wide variety of dyes, pesticides, surfactants, explosives as well as many other substances. Also effective for the 

destruction of toxic wastes and non-biodegradable effluents to render them more suitable for secondary 

biological treatment.[3] 

 

VI. Conclusion 
Fenton process can be utilized in wastewater treatment for overall organic content such as COD 

reduction, specific pollutant destruction, sludge treatment and color and odor reduction. Reaction generally 

occurs in chemical and biological systems as well as in the natural environment. It is successfully used in 

environment protection. OH radical is a major species in the Fenton reaction causing oxidation. Fenton 

represents a useful solution in many cases where the presence of recalcitrant and toxic pollutants discards the 

use of conventional biological treatments. The overall results of this study indicates that the application of 

Fenton‟s process is a feasible method to treat industrial wastewaters, allowing a satisfactory decrease of COD & 

also treatment with Fenton‟s reagent appeared to be an appropriate method for oxidizing recalcitrant compounds 

from landfill leachate. The Fenton oxidation process can be applied as a pretreatment process to degrade non-

biodegradable organic matters in industrial wastewater. So it may conclude that the Fenton process is effective, 

simple and economical method which causes the oxidation of very toxic wastes in industrial wastewater and 

helps to maintain the standards to some extent. 
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