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Abstract - Over the past few years, pharmaceuticals are 

considered as an emerging environmental problem due to their 

continuous input and persistence to the aquatic ecosystem even 

at low concentrations. Advanced oxidation processes (AOPs) 

are technologies based on the intermediary of hydroxyl and 

other radicals to oxidize recalcitrant, toxic and non-

biodegradable compounds to various by-products and 

eventually to inert end-products. The aim of study is using 

different types of Fenton’s reactions and find out the most 

efficient method in degrading the pharmaceuticals.  Improved 

biodegradability after Fenton’s oxidation was as important as 

reduction in waste load in Fenton’s oxidation. Clay and iron 

oxide minerals possess structural and surface charge 

characteristics that conducive to their use as supports of 

catalytically active phases or as solid heterogeneous catalysts 

for the Fenton-like reaction. These minerals can operate over a 

wide range of pH and temperature, are easy to separate and 

retain activity during successive treatments.  

Keywords - Fenton’s reactions; Fenton’s oxidation; Advanced 

oxidation processes; Degradation; Pharmaceuticals. 

I. INTRODUCTION 

Advanced oxidation process (AOP), involving the 

generation of highly oxidizing radical species, have attracted 

much attention because of their potential in eliminating 

stable organic pollutants from different environmental 

matrices. Among the most investigated AOP, Fenton 

reaction in which hydroxyl radicals (OH·) are generated 

through the catalytic reaction of Fe (II)/Fe (III) in the 

presence of hydrogen peroxide (Garrido et al.
1
). For the 

treatment of various organic pollutants hydrogen peroxide 

(H2O2) is used which is strong oxidizing agent. 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 or ozone and UV-

light can activate H2O2 to form hydroxyl radicals, which are 

strong oxidants. Oxidation processes utilising 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. 

A. Fenton Oxidation 

The developments of processes, such as advanced 

oxidation, for the efficient degradation of stable organic 

pollutants in the environment have attracted a great deal of 

interest. Advanced oxidation processes involve the 

generation of reactive radicals, notably radicals (OH·) that 

they are highly oxidative and capable of decomposing a wide 

range and variety of organic compounds [1]. 

Fenton oxidation process uses a combination of 

strong oxidants such as ozone, oxygen or hydrogen peroxide 

and catalysts, semiconductor solids together with sources of 

radiation or ultrasound. Typical AOP include O3/UV, 

H2O2/UV, Ti2O/UV, H2O2/O3. 

B.Fenton's Reagent 

Fenton's reagent is basically a mixture of ferrous 

iron salts as a catalyst and hydrogen peroxide. A similar sort 

of reaction can be made by mixing hydrogen peroxide with 

ferric iron (Fe
3+

). At a low pH, it forms hydroxyl radicals 

(OH·) that oxidize contaminants such as chlorinated 

solvents, fuel oils. Unfortunately, the contaminated 

groundwater that needs to be treated has a pH level that is at 

or near neutral. Due to this, there are controversies on 

whether In Situ Chemical Oxidation (ISCO) using Fenton's 

reagent is really a Fenton reaction. Instead, scientists call 

these reactions Fenton like.  

The Fenton chemistry is very complex and has 

many steps including the following 

 

i. Fe
2+

 + H2O2 → Fe
3+

 + OH· + OH
−
 

ii. Fe
3+

 + H2O2 → Fe
2+

 + OOH· + H
+
 

iii. HO· + H2O2 → Fe(III) + HO2· + H
+
 

iv. HO· + Fe(II) → Fe(III) + OH
−
 

v. Fe(III) + HO2· → Fe(II) + O2H
+
 

vi. Fe(II) + HO2· + H
+
 → Fe(III) + H2O2 

vii. HO2· + HO2· → H2O2 + O2 

These reactions do not occur step by step but 

simultaneously. 

When applied to In Situ Chemical Oxidation 

(ISCO), the collective reaction results in the degradation of 

contaminants in the presence of Fe
2+

 as a catalyst.  

The overall end result of the process can be 

described by the following reaction [2] 

 

            2Fe
2+

 +H2O2+2H
+
→ 2Fe

3+
 +2H2O 

 

Advantages of this method include that the 

hydroxyl radicals are very strong oxidants and react very 

rapidly with contaminants and impurities in the ground 

water. Moreover, the chemicals needed for this process are 

inexpensive and abundant.  

http://en.wikipedia.org/wiki/Fenton%27s_reagent
http://en.wikipedia.org/wiki/Ferrous
http://en.wikipedia.org/wiki/Hydrogen_peroxide
http://en.wikipedia.org/wiki/Hydroxyl_radical
http://en.wikipedia.org/wiki/Chlorinated_solvents
http://en.wikipedia.org/wiki/Chlorinated_solvents
http://en.wikipedia.org/wiki/Chlorinated_solvents
http://en.wikipedia.org/wiki/Catalyst
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II. TYPES OF FENTON OXIDATION REACTIONS 

 The generation of hydroxyl radicals in the Fenton 

reaction has been used in a variety of processes. There 

arefollowings types of Fenton oxidation reaction [1] 

 Homogeneous Fenton process 

 Heterogeneous catalysis 

 Photo Fenton reaction 

 Electro oxidation and photo-Electro-oxidation 

 Nano catalysts 

A.Homogeneous Fenton process 

The homogeneous Fenton process has been widely 

investigated. This simple process uses conventional 

equipment and operates at ambient temperatures and 

pressures. The processes, however has some drawbacks due 

mainly to the formation of different Fe(III)  complexes as 

solution pH changes. The optimum pH for the homogeneous 

Fenton process is about 2.8 when the iron in the solution 

occurs partly as Fe (III) (OH
2+

) declines while above this 

pH, Fe(III)  precipitate as an ox hydroxide[1]. 

B. Heterogeneous catalysis 

Heterogeneous solid catalyst can mediate Fenton-

like reactions over a wide range of pH values. This is 

because the Fe (III) species in such catalysts is immobilized 

within the structure and in the pore/interlayer space of the 

catalyst. As a result, the catalyst can maintain precipitation is 

prevented. A range of heterogeneous solid catalysts 

including activated carbon impregnated with iron and copper 

oxide metals have been used to degrade recalcitrant organic 

compounds through the Fenton like reaction. Some examples 

are Nafion film and Nafion [1] 

C. Photo Fenton reaction 

These catalysts especially those containing Fe(III)  

oxides, need UV radiation to accelerate the reduction of 

Fe(III)  to Fe(II) .  

The photo Fenton or photo Fenton like process is 

generally more efficient than its normal (non- irradiated) 

Fenton or Fenton like reaction but the cost of the former is 

quite high in terms of energy and UV lamp consumption. 

Additionally the photo Fenton process requires that the 

whole catalyst be accessible to light [3]. 

D. Electro oxidation and photo-Electro-oxidation 

 Very recently, electrochemical systems have 

merged that allow the electrochemical production of ferrous 

iron and hydrogen peroxide, thereby allowing the generation 

of OH·, So the simple electro Fenton system has been used 

and tested for its efficiency in producing hydroxyl radicals. 

In drinking water treatment, chemical oxidation using ozone 

is a common step dedicated to degrade compounds [4]. 

However some pesticides, such as atrazine (2-

chloro-4-(ethyl amino)-6-(isopropyl amino)-s-triazine) or 

CEIT, may be unreactive towards ozone.  

Consequently, the oxidation of such pollutants 

requires the presence of hydroxyl radicals (OH·), species 

that are stronger and less specific oxidants than molecular 

ozone [4]. 

E.  Nano catalysts: 

An important feature of nanoparticles is that their 

surface properties can deviate from those of their 

macroscopic counterparts. In terms of catalysts, the activity 

and selectivity are strongly dependent on their size, shape 

and surface structure as well as their bulk composition.  

Examples of the use ofnano catalysts in the degradation of 

recalcitrant organic compounds are Orange 11, 

Trichlroethene ,butachlor, Cango red, phenol etc. 

The application of nanoparticles as catalysts of the 

Fenton like and photo Fenton reaction has been described by 

several investigators. In comparison with their others micro 

size counterparts, nanoparticles show a higher catalytic 

activity because of their large specific surface where 

catalytically active sites are exposed. 

The optimum pH range for the homogeneous 

Fenton process is about 2.8.But the heterogeneous solid 

catalyst can mediate Fenton-like reactions over a wide range 

of pH values. Also the photo Fenton like process is cheap 

than the others Fenton like process as it uses the UV 

radiation for the process [1].  

The electro oxidation is used for the degradation of 

atrazine which is unreactive towards the ozone. The use of 

nanocatalysts because of their large surface area and low 

diffusion resistance, nanoparticles are more efficient than the 

conventional heterogeneous catalysts.The effect of 

temperature on COD removal efficiency wastested at room 

temperature and at 50 
◦
C, and no significant differenceswere 

observed in the treatment efficiency for the tested 

temperatures. Thus, all further experiments were carried out 

at room temperature, for practical and economic reasons. 

Research findings indicate that the temperature of the 

wastewater almost does not affect the efficiency of COD 

removal in Fenton’s oxidation, although the redox reaction 

can be accelerated by raising the temperature, as expected. 

The time required for the oxidation to be completed at room 

temperature was about 10–20 times longer than at 50 
◦
C 

which required several minutes. When tested with the initial 

pH range 3.0–4.5, no significant differences in treatment 

efficiency were observed though pH 3.5 produced slightly 

better results. Also higher H2O2 doses generated more 

hydroxyl radicals, which, in turn, improved the COD 

removal efficiency. With an increase of H2O2 doses from 0.8 

to 5M, at constant Fe
2+

 dosage of 0.033 M, average COD 

removal efficiency increased from about 40% to 85%. 

 

 

 

 

 

 

 

 

 

 
Fig 1: Treatment plant 
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Table 1: COD and BOD  

 

In above figure and table we can see that how the 

COD and BOD are decreasing step by step with the Fenton 

process and sequencing batch reactors. 

III. KNOWLEDGE GAP & OBJECTIVES OF THE WORK 

As from the above we can see that in the field of 

wastewater treatment, to improve the biodegradability of 

selected pharmaceuticals with the help of Fenton oxidation 

different experiments has been done. To improve the 

efficiency of the process we can change the different 

parameters like temperature, catalytic concentration, pH 

value and type of catalyst. By changing these parameters we 

can decrease the COD and BOD values to increase the 

efficiency of process. We will also focus on the type of 

catalyst that we are using for process as it will mainly affect 

the efficiency. We will do experiments using different 

catalysts and keeping others parameters as same and see 

what type of results we get. Similarly we change the pH 

value and keep the others parameters constant and again see 

the results. We will mainly focus on the nanocatalysts as is 

cheap and very efficient process than the others, because of 

more surface area for the reaction. 

 

 To study the effect of different parameters on which our 

whole process depends (e.g. temperature, initial pH, 

H2O2 and Fe
2+

 dosages, second stage (coagulation stage) 

pH and waste load. The effects of these parameters on 

treatment efficiency were investigated). 

 To study the kinetics of Fenton oxidation to improve the 

biodegradability of pharmaceuticals wastewater and to 

optimize the operational conditions in the Fenton’s 

oxidation unit to achieve maximum treatment efficiency 

while minimizing the use of chemicals.  

IV. TYPICAL OPERATING CONDITIONS 

The major operational conditions that would affect 

the treatment of the pharmaceutical effluents from the plant 

using Fenton’s reagent are temperature, initial pH, H2O2 and 

Fe
2+

 dosages, second stage (coagulation stage) pH and waste 

load. The effects of these parameters on treatment efficiency 

were investigated. These are the some points which will 

optimize our process:- 

 The overall treatment efficiency was best at an initial 

pH of 3.5 and second stage (coagulation) pH of 7.0. 

 For all pharmaceutical products (with a COD range 

900–7000 mg/L), average COD removal efficiency 

was highest when the ratio of H2O2/Fe
2+

 was around 

150–250. At a constant H2O2/Fe
2+

 molar ratio of about 

155, 0.3M H2O2 and 0.002M Fe
2+

, provided 45–65% 

COD removal. 

 Treatment with Fenton’s oxidation improved the 

biodegradability and reduced the toxicity of the 

pharmaceutical wastewater. 

V. CONCLUSION 

We conclude that clay and iron oxide minerals 

possess structural and surface charge characteristics that 

conducive to their use as supports of catalytically active 

phases or as solid heterogeneous catalysts for the Fenton-like 

reaction. The use of Nano catalysts is a promising alternative 

to conventional catalysis. Because of their large surface area 

and low diffusion resistance, nanoparticles are more efficient 

than the conventional heterogeneous catalysts. The ability of 

Nano catalysts to operate in the absence of UV radiation is 

an added advantage. Iron oxide coated allophone 

nanoparticles can catalyse the degradation of persistent 

organic pollutants through the Fenton like reaction, and are 

useful for treating industrial effluents. The Fenton like 

reaction may also be used for in situ remediation of 

contaminated soil, sediments and groundwater because Nano 

sizes clays and iron oxides are present in the natural 

environment. 
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LINE COD, mg/l BOD, mg/l 

1 35000-40000 2100-2500 

2 17500-22000 4000-4300 

3 - - 

4 300-350 150-180 

5 4000-4500 750-1000 

6 60-80 15-20 
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