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Abstract- The Fenton’s Oxidation, which is efficient, reliable, eco-friendly and cost-effective over the other 
advanced oxidation processes, has not been reported for the treatment of paracetamol in water. In the 
present study, a novel iron catalyst source laterite soil was used to degrade paracetamol in aqueous 
solutions by Fenton oxidation process. Both FeSO4.7H2O and lateritic soil were studied as sources of iron 
for Fenton’s reagent. Percent Paracetamol reduction and percent Chemical Oxygen Demand (COD) 
removal were measured as the objective functions to be maximized. Effect of influent pH, influent H2O2 
concentration, and influent iron concentration on paracetamol degradation efficiencies were investigated by 
varying influent paracetamol concentration.  At [H2O2] : [ Fe2+]:: 60:1 and [H2O2] : [ Laterite iron]:: 40:1, 
pH 3 for the 10 mg/L initial concentration of paracetamol and for a reaction time of 60 minutes, the percent 
paracetamol reduction were 80 and 75 but the percent COD removal were 71 and 63.  By HPLC analysis, 
100% removal of paracetamol was observed at the above optimum conditions for both the sources of iron in 
240 minutes. The use iron from laterite soil is a cost effective and eco-friendly method over other methods.  
The method can be applied in situ to treat the polluted soils and water bodies. 
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Introduction 

The presence of the Pharmaceutical compounds is 
observed in surface water [1-3], Ground water, Sewage effluents 
[4, 5], drinking water [6], and also in solid waste [7]. The drug 
concentrations detected in the environment were generally in 
the ng/L to µg/L range [1, 2]. Pharmaceuticals retain their 
chemical structure long enough to do their therapeutic work 
and remain in the environment for a long time and is 
considered dangerous both at low and high concentrations [8].  
The effects like feminization in fish, inhibition of growth in 
microbes and plants, toxicity and Endocrine disruption in fish 
were reported [9, 10]. The actual risk to the humans and to the 
ecosystem from trace quantities of the drugs and chemicals in 
drinking water sources is currently unknown [1, 7].  Low 
concentrations of pharmaceuticals in water may not pose 
much risk to adult humans, but fetuses, infants or children and 
other organisms may be affected.   Children may have an eight 
fold greater risk of adverse effects of pharmaceutical exposure 
[11].  As the pharmaceuticals are bioactive and also when they 
have been continuously introduced into the environment, they 
would certainly affect the ecosystems.  

As a precautionary measure, considering the potential 
adverse effects of pharmaceuticals, they should be removed 

from the aqueous solutions. Advanced Oxidation Processes 
(AOPs) have proved capable of completely degrading the 
pharmaceuticals from aqueous solutions [8]. These Processes 
are based on the generation of hydroxyl radical (OH.), which 
is a more powerful oxidant (Eo 2.8V) than the other chemical 
reagents like ozone (Eo 2.0V) or H2O2 (E

o 1.8V) [12]. Among 
AOPs, Fenton’s Oxidation is emerged as the most promising 
method, in terms of cost effectiveness and ease of operation 
[13]. In a comprehensive review, Neyens and Baeyens (2003) 
[14] have indicated that the Fenton’s Oxidation is very effective 
in the removal of many hazardous organic pollutants from 
water and wastewaters.  

  The presence of chloride and sulfate anions has a 
considerable influence on Fenton oxidation process [15].  Free 
radicals, in solutions containing chloride, were scavenged to 
form chlorinated inorganic radicals among which the 
dichloride anion radical is the predominant [16].  The overall 
effect of sulfates on degradation rates is much lower in 
comparison to chloride ions. Moreover, ferrous sulfate is more 
reactive towards hydrogen peroxide than ferrous ions alone  
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that can additionally balance inhibitory potential of the sulfate 
ions [17].  

Paracetamol (4-hydroxyacetanilide or 4- 
acetamidephenol or acetaminophen or Tylenol) is extensively 
used as analgesic and antipyretic drug, used as intermediate 
for pharmaceuticals and azo dyes, stabilizer for hydrogen 
peroxide, photographic chemicals and also used for the control 
of Brown Tree Snake population [18]. Paracetamol was found 
to be present in sewage treatment plant (STP) effluents up to a 
concentration of 6 µg/L [19], up to 10 µg/L in water samples 
from natural sources in USA [2] and more than 65 µg/L in the 
Tyne River, UK [20]. However, the concentrations of 
paracetamol in water and wastewater may rise due to increase 
in population and their modern life styles. Consequent to the 
steep increase in the usage, the production of paracetamol has 
also been increased manifold all over the world. 

Recently, removal of paracetamol by electrochemical 
method [21, 22], ozonation and H2O2/UV oxidation methods [23, 

24], oxidation with Diperiodatoargenate (II) [18], TiO2/UV [25, 26] 
and sonolysis [27] were reported.  However, Fenton’s oxidation 
(using FeSO4.7H2O and Lateritic soil as two different sources 
of iron), one of the most promising AOPs for the effective 
removal of hazardous organic pollutants, has not been reported 
for the oxidation of paracetamol in aqueous solutions. The 
Fenton’s reagent is widely used in the wastewater treatment 
because of the fact that ferrous iron is a wide available and 
nontoxic element, and hydrogen peroxide is easy to handle 
and the excess is decomposed in to eco-friendly products. 

The aim of the present investigation was to explain 
the effect of operating parameters and reaction kinetics for the 
Fenton’s Oxidation of paracetamol in aqueous solutions. The 
Oxidation runs were carried out at ambient temperature 
(27±3oC). Laterite soil is used as source of iron catalyst and 
the experimental results were compared with the use of 
FeSO4.7H2O as source of iron in Fenton’s oxidation.  The 
operating parameters were optimized for the maximum 
removal of paracetamol and the corresponding removal of 
Chemical Oxygen Demand (COD). Analysis of paracetamol 
samples using UV-Vis spectrophotometer and HPLC 
instrument were carried out.  

 
Material and Methods 
 
Chemicals  
Paracetamol Extra pure (98% assay) were purchased from SD 
Fine Chem. Ltd. (India).  Hydrogen Peroxide (H2O2) (50% 
w/w) and Ferrous Sulfate (FeSO4.7H2O) were purchased from 
Merck (India). The chemicals were used as received in the 
Fenton’s Oxidation Process.  Hydrochloric acid (HCl, Merck, 
India, 35% purity), Sulfuric acid (H2SO4, Merck, India, 98% 
purity), Sodium hydroxide (NaOH, Merck, India, 98% purity), 
were also used in the experiments. Methanol AR grade 
(Merck, India), Sodium Pentanesulfonate AR grade (Merck, 
India) and Formic acid AR grade (Merck, India) were used in 
HPLC analysis. The lateritic soil, for the extraction of iron, 
was acquired from the National Institute of Technology 
Karnataka, Surathkal (NITK, India) campus, which is located 
over laterite soil bed. The iron from laterite soil was extracted 
using procedure given by Olanipekun (2000) [28].  
 
Synthetic Paracetamol aqueous solution 
 

 
The simulated paracetamol aqueous stock solution of 1000 
mg/L concentration was prepared with Millipore Elix-3 
deionized water every week and stored in the dark at 4o C.  
 
 Experimental Procedure  
The experiments were conducted at ambient temperature 
(27±3o C) in batch reactors. A 1000 mL solution of required 
paracetamol concentration was prepared from the stock 
paracetamol solution and was taken in a 2 liter reactor.  Initial 
pH of the solution was maintained using 0.1 N H2S04 and 0.1N 
NaOH. Appropriate amount of Fe2+ concentration from the 
1000 mg/L stock solution, freshly prepared from FeSO4.7H2O, 
was added to the reactor bath and stirred with magnetic stirrer.  
Required amount of H2O2 was added to the reactor bath to 
initiate the reaction. For the experiments with iron from 
laterite soil, pH was adjusted after adding appropriate iron 
solution, stirred with magnetic stirrer and then H2O2 was 
added. The mixture of paracetamol solution and Fenton’s 
reagent was stirred with magnetic stirrer during treatment. The 
paracetamol solution samples were taken out for analysis at 
pre-defined time intervals and filtered through 0.45 µm 
Millipore filter membrane for COD analysis and also through 
a 0.45 µm Millipore Syringe filter for determination of 
paracetamol concentration by using UV-VIS 
Spectrophotometer and High Performance Liquid 
Chromatography (HPLC). 
 
Analytical Methods  
Paracetamol solutions of concentration 10, 20, 30, 40, 50 
mg/L were prepared and UV-VIS spectra were recorded from 
190 to 500 nm using UV-VIS double beam spectrophotometer 
(Systronics-2201). The absorbance peaks of Paracetamol for 
all the considered concentrations were at wavelength 243 nm. 
A standard absorbance verses paracetamol concentration 
calibration curve was prepared by single wavelength mode 
using 10, 20, 30, 40 and 50 mg/L paracetamol standards. This 
curve was used to determine the paracetamol concentrations in 
aqueous solutions during the subsequent experiments. Figure 1 
shows the spectra and molecular structure of paracetamol used 
in this study. Figure 1 

The concentration of paracetamol in the aqueous 
solution at wavelength 243 nm was measured immediately 
after removal of samples from the reactor using the standard 
curve, which has already been calibrated with UV-VIS Double 
beam Spectrophotometer.  The pH was measured with a 
digital pH meter (Lovibond – pH 100). The COD of the 
samples was determined by closed reflux titrimetric method as 
per the procedure outlined in the Standard Methods (APHA 
2005) [29].  Final COD was quantitatively corrected for 
hydrogen peroxide interference according to the correlation 
equation given by Kang et al. (1999) [30]. The Iron 
concentration was measured using Spectrocolorimeter (PC 
Spectroll, Lovibond) by Thiocynate-colorimetric Method. The 
H2O2 concentration was determined by iodometric titration 
method [31].  

HPLC analysis was carried out with reversed-phase 
Jasco High Performance Liquid Chromatograph fitted with 
Microbonda 5 µm, 300 x 4.6 mm column at a temperature of 
30oC and coupled with a Jasco UV-2075 plus intelligent UV-
VIS Photodiode array detector selected at 243 nm, controlled 
through Jasco Chromatography data system.  The mobile  
 



Basavaraju  et. al Int. J. Res. Chem. Environ. Vol. 1 Issue 1 July 2011(157-164) 

 
 

159 

 
phase employed for paracetamol was 0.1 mg/mL of Paired-Ion 
Chromatography reagent Sodium Pentanesulfonate (1.74g  
Sodium Pentanesulfonate + 2 mL Formic acid diluted to 1000 
mL with double distilled water) at flow rate of 1.5 mL/minute. 
The paracetamol solution samples were injected at the rate of 
15 µL and acquisition time was set as 25 minutes.  

 
Results and Discussion 
 
Effect of pH 
The pH controls the production rate of hydroxyl radical and 
concentration of Fe2+.  To determine optimal pH, experiments 
were conducted at different pH values varying from 2 to 5.5 
with initial paracetamol concentration of 10 mg/L, [H2O2]o  20 
mg/L and [Fe2+]o 2 mg/L. The maximum paracetamol 
reduction and COD removal were found to be 77.83% and 
75.00% respectively at pH 3. The paracetamol removal 
efficiency was reduced for the other values of pH. Figure 2 

Research findings indicate that the optimum pH of 
Fenton’s Oxidation was independent from characteristics of 
water and the optimum pH was 3.5 [13] and 3 [32- 34]. A similar 
result of optimum pH 3 was obtained by the present study on 
Fenton’s oxidation of paracetamol solutions and was set for 
subsequent experiments.  

At pH 3, Paracetamol removal was maximum and it 
may be due to the formation of more Fe(OH)+ which has much 
higher activity than Fe2+ in Fenton’s oxidation [33].  When pH 
> 3, oxidation efficiency rapidly decreases due to auto-
decomposition of H2O2 affecting the production of OH 
radicals [33] and deactivation of ferrous catalyst with the 
formation of ferric hydroxide precipitates [35]. Also there was a 
decrease in oxidation potential of hydroxyl radical with 
increase in the pH value [36].  When pH < 3, the reaction of 
H2O2 with Fe2+ was seriously affected to reduce hydroxyl 
radical production and water was formed by the reaction of 
OH radicals with H+ ions [36] and also there was an inhibition 
for the radical forming activity of iron [35].  

  
Effect of H2O2 and Fe2+ concentration 
Hydrogen peroxide was the basis for the radical generation in 
Fenton’s Oxidation. The hydroxyl radicals either oxidize the 
pollutant and other intermediates or react with the oxidant 
itself to cause reduction in pollutant removal efficiency. 
Hence, an investigation of H2O2 consumption and 
optimization in Fenton’s oxidation was vital for using H2O2 
efficiently and also for the other best possible conditions that 
were to be found in aforesaid process.  

  The investigation for optimization of hydrogen peroxide 
concentration was carried out by varying H2O2 concentration 
from 5 to 50 mg/L, keeping the iron concentrations constant (0 
– 1.25 mg/L) for [paracetamol] O 10 mg/L at solution pH 3.  
The maximum paracetamol reduction was 87.98% and the 
corresponding COD removal was 79.17% at H2O2 
concentration of 30 mg/L and [Fe2+]o of 0.5 mg/L after a 
reaction time of 24  hours. Figure 3  

Both the Paracetamol reduction and COD removal 
from the aqueous solution were significantly improved even 
with the addition of very low concentrations of Fe2+ to H2O2.  
The maximum paracetamol reduction and COD removal were 
observed to be 9.10% and 8.33% respectively with oxidation  
 
 

 
by H2O2 alone. But the paracetamol reduction and COD 
removal were increased up to 87.98% and 79.17% 
respectively with the addition of Fe2+ to the solution.  Figure 
3(a) -3(b) shows the variations in percent paracetamol 
reduction and COD removal under the different conditions of 
the Fe2+ and H2O2 maintaining pH of 3, reaction time of 24 
hours. The max paracetamol reduction and COD removal were 
observed to be 87.98% and 79.17% respectively at 0.5 mg/L 
Fe2+ concentration. These results are in agreement with the 
literature, where in an increase in Fe2+ concentration of 
Fenton’s reagent increases OH radical production and hence 
the degradation and mineralization [34]. It has also been 
observed that at higher Fe2+ concentrations the paracetamol 
and COD removals were reduced.  This may be due to the 
ferrous ion inhibition that occurs when high concentration of 
Fe2+ was present in the system and Fe2+ itself can react with 
OH radicals resulting the scavenging of OH radical. 

 The experiments were conducted to investigate 
optimum hydrogen peroxide concentration with laterite iron in 
Fenton’s reagent.  The hydrogen peroxide concentration was 
varied from 10 to 50 mg/L for Laterite iron concentration 
varying from 0.25 to 1.25 mg/L, initial paracetamol 
concentration 10 mg/L at initial solution pH of 3. It was 
observed that the maximum paracetamol reduction was 
80.12% and the corresponding COD removal was 75.00% at 
H2O2 concentration of 30 mg/L and [Laterite iron]o of 0.75 
mg/L after a reaction time of 24 hours. Figure 3(c) -3(d) 
shows the variations in percent paracetamol reduction and 
COD removal under the different doses of the Laterite iron 
and H2O2 maintaining pH of 3, reaction time of 24 hours. 

The removal efficiency increases up to a maximum 
level with increase in H2O2 concentration and further increase 
in the H2O2 concentration decreases the removal efficiency. 
Similarly, both the paracetamol reduction and COD removal 
from the aqueous solution were increased with addition of iron 
extracted from the lateritic soil to a maximum level and then 
decreases with increase in iron concentrations. This may be 
due to the presence of maximum number of OH radicals at the 
optimum concentration of H2O2 and laterite iron.  

In the Fenton’s oxidation of paracetamol, the 
paracetamol reduction and COD removals were less for the 
laterite iron when compared with iron from FeSO4.7H2O. This 
may be due to incomplete degradation and mineralization of 
paracetamol and the presence of intermediates in the aqueous 
solution. Further, the lesser removal efficiencies when laterite 
iron was used may be because of the presence of chlorides, 
which have scavenged the free OH radicals.  

In accordance with the results obtained, the optimum 
ratio of [H2O2]o:[Fe2+]o :: 60:1 (w/w) using iron from 
FeSO4.7H2O and the optimum ratio of [H2O2]o:[Laterite iron]o 
:: 40:1 (w/w) using iron from lateritic soil were considered for 
subsequent experiments on Fenton’s oxidation of paracetamol. 
 
Effect of initial Paracetamol concentration 
Experiments were conducted to study the effect of initial 
paracetamol concentrations (10, 20, 30, 40 and 50 mg/L) on 
the Fenton’s oxidation process.  For all the paracetamol 
concentrations, the optimum ratio of [Paracetamol]o/ [H2O2]o 
was observed to be 1:3 (w/w) and the optimum ratio of 
[H2O2]o/[Fe2+]o was observed to be 60:1 (w/w) at pH 3 after a 
reaction time of 24 hours (data not shown here). Further 
experiments were conducted with the optimized operating  
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conditions for a reaction time of 4 hours. The paracetamol 
reduction was increased and COD removal was decreased 
with the increase in initial concentration of paracetamol.  This 
result is comparable with the literature, where COD removal  
of pharmaceutical wastewater by Fenton’s Oxidation is more 
for the lower initial concentrations of drugs [13, 34].  Figure 3 
(e)-3(f) shows the variations in percent paracetamol reduction 
and COD removals at [Paracetamol]o /[H2O2]o ratio 1:3 (w/w), 
[H2O2]o /[Fe2+]o ratio 60:1 (w/w), pH 3 for 240 minutes of 
reaction time. 82.73% of Paracetamol reduction and 77.08% 
of COD removal were observed for 10 mg/L initial 
concentration of paracetamol, at H2O2 of 30 mg/L, Fe2+ of 0.5 
mg/L in 240 minutes of reaction time. 

A set of similar experiments were conducted using 
the laterite iron in Fenton’s oxidation to study the effect of 
initial paracetamol concentration. The initial paracetamol 
concentration was varied from 10 to 50 mg/L. For all the 
initial paracetamol concentrations, the optimum ratio of 
[paracetamol]o/ [H2O2]  o was observed to be 1:3 (w/w) and  
[H2O2]  o/ [Laterite iron] o ratio was observed to be 40:1 (w/w) 
at pH 3 after a reaction time of 24 hours (data not shown 
here). The paracetamol removal was increased and COD 
removal was decreased with an increase in initial 
concentration of paracetamol. It has also been observed that 
paracetamol removals, after 60 minute of reaction time at all 
the initial concentrations of the paracetamol, the removal 
efficiencies reached the maximum level gradually. Figure 3(g) 
-3(h) shows the variations in percent paracetamol reduction 
and COD removals for [paracetamol]o /[H2O2]o ratio 1:3 
(w/w), [H2O2]o/[Laterite iron]o ratio 40:1 (w/w) at pH of 3 in 
240 minutes of reaction time. 77.23% of Paracetamol and 
70.83% of COD were removed for 10 mg/L initial 
concentration of paracetamol, at H2O2 concentration of 30 
mg/L, Laterite iron concentration of 0.75 mg/L in 240 minutes 
of reaction time. 

By analyzing the results, it was observed that the 
removal efficiencies were less in the case of laterite iron when 
compared with iron from ferrous sulfate in the Fenton’s 
oxidation of paracetamol process. 

 
 HPLC Analysis 
HPLC analysis was carried out for the paracetamol samples of 
10 mg/L concentration treated at optimum conditions  pH 3, 
[H2O2 ]o 30 mg/L, [Fe2+]o 0.5 mg/L and  [Laterite iron]o 0.75 
mg/L , UV irradiation time 240 minutes. The Figure 4 shows 
the chromatogram of paracetamol before and after treatment 
using ferrous sulfate and laterite iron. Paracetamol standard 
peak was absent after treatment in both the cases when ferrous 
sulfate and laterite iron is used. After treatment, one 
intermediate was observed in case of ferrous sulfate at 6.167 
minutes but 10 intermediates in small quantities between 5 and 
20 minutes were observed in case of laterite iron. At optimum 
conditions, it may be presumed that complete degradation of 
paracetamol was observed with both ferrous sulfate and 
laterite iron.  Figure 4 

In the study on oxidation of paracetamol by TiO2/UV, 
Dalmazio et al. (2008) [25] reported a degradation of 90% in 
160 minutes and Yang et al. (2008) [26] reported a degradation 
of 90% in 160 minutes. Brillas et al. (2005) [21] and Sires et al. 
(2006) [22], in the oxidation of paracetamol by electrochemical 
methods, reported a mineralization of 98% - 
 

 
100% in 360 minutes and Skoumal et al. (2006) [24] reported 
83% mineralization in 240 minutes.  Andreozzi et al. (2003) 
[23] reported mineralization of paracetamol as 30% in 120 
minutes by Ozonation and 40% in 120 minutes by H2O2/UV. 
Isriebel et al. (2009) [27] reported 39% mineralization of  
paracetamol in 480 minutes by Sonolysis. But in the present 
study, 100% of paracetamol degradation and 77% COD 
removal using FeSO4.7H2O and 100% of paracetamol 
degradation and 71% COD removal using laterite iron were 
observed in 240 minutes of reaction time.  Hence, the Fenton 
Oxidation of paracetamol in water is efficient and reliable over 
the aforesaid methods. Fenton’s process may effectively be 
applied to paracetamol industry and the process can also be 
applied in-situ for the treatment of paracetamol in surface 
water, ground water and earth at the geological strata 
containing lateritic soil. 

 
Conclusion 
Paracetamol degradation of 100% was observed with HPLC 
analysis in both the cases where ferrous sulfate and laterite 
iron was used in Fenton’s reagent. The COD removal 
efficiency for iron extracted from laterite soil was marginally 
less than that of iron from ferrous sulfate. At optimum 
conditions, for the initial concentration of paracetamol 10 
mg/L with a reaction time of 5 minutes, the percent 
paracetamol reductions were 72.96 and 69.15; the percent 
COD removals were 60.42 and 52.08 for the iron from 
FeSO4.7H2O and Lateritic soil respectively. The degradation 
and mineralization of paracetamol for laterite iron in Fenton’s 
oxidation of paracetamol was lower than that of FeSO4.7H2O 
due to the presence of chloride anions that inhibit the 
production of OH radicals in the system. Fenton’s Oxidation 
Process is an effective treatment method for the removal of 
paracetamol in aqueous solutions and hence it may be 
successfully applied to treat paracetamol industrial effluent 
and also may be applied in-situ for the treatment of 
paracetamol in surface water, ground water and lateritic soils. 
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Figure 1: UV-VIS spectra with chemical structure of paracetamol compound 

 

 

 

 

 

 

Figure 2: Percent paracetamol reduction and COD removal at different pH; [paracetamol]0 = 10 
mg/L, [H2O2]o = 20 mg/L and  [Fe2+]o = 2 mg/L 
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Figure 3: Variations in (a) [Fe2+] -percent paracetamol reduction, (b) [Fe2+] - percent COD removal, 
(c) [Laterite iron] - percent paracetamol reduction and (d) [Laterite iron] - percent COD 
removal for  [H2O2 ]o 10-50 mg/L; (e) percent paracetamol reduction and (f) percent COD 
removal at [Paracetamol]o /[H2O2]o ratio 1:3 (w/w) and [H2O2]o/[Fe2+]o ratio 60:1 (w/w) (g) 
percent paracetamol reduction and (h) percent COD removal at [paracetamol]o / [H2O2] o ratio 
1:3 (w/w) and [H2O2] o/ [Laterite Iron]o ratio 40:1 (w/w) for 240 minutes of reaction time (pH 3, 
[paracetamol]o 10 mg/L) 
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Figure 4:  HPLC chromatogram for [Paracetamol]o 10 mg/L,  pH 3, [H2O2 ]o 30 mg/L, and  (a) 
paracetamol standard before treatment - [Fe2+]o = 0.5 mg/L  (b) Sample after treatment- [Fe2+]o 
= 0.5 mg/L  (c) paracetamol standard before treatment - [Laterite iron]o 0.75 mg/L (d) Sample 
after treatment- [Laterite iron]o 0.75 mg/L , reaction time 240 minutes  


