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Abstract- The Fenton’s Oxidation, which is efficient, reliebkco-friendly and cost-effective over the other
advanced oxidation processes, has not been repdoiethe treatment of paracetamol in water. In the
present study, a novel iron catalyst source lagesbil was used to degrade paracetamol in aqueous
solutions by Fenton oxidation process. Both FeB@®O and lateritic soil were studied as sources ohiro
for Fenton’'s reagent. Percent Paracetamol reductemd percent Chemical Oxygen Demand (COD)
removal were measured as the objective functionsetanaximized. Effect of influent pH, influeniCx
concentration, and influent iron concentration caergcetamol degradation efficiencies were investgaty
varying influent paracetamol concentration. At{Bj] : [ Fe?']:: 60:1 and [H,O,] : [ Laterite iron]:: 40:1,

pH 3 for the 10 mg/L initial concentration of pasamol and for a reaction time of 60 minutes, taecent
paracetamol reduction were 80 and 75 but the pdar€@DD removal were 71 and 63. By HPLC analysis,
100% removal of paracetamol was observed at the@lptimum conditions for both the sources of iron
240 minutes. The use iron from laterite soil isoatceffective and eco-friendly method over othethous.
The method can be applied in situ to treat theyted soils and water bodies.

Key words: COD removal; Fenton’s oxidation, Laterite soil, Raetamol degradation etc.

| ntroduction from the aqueous solutions. Advanced Oxidation &sses

The presence of the Pharmaceutical compounds i§€AOPs) have proved capable of Cognq"f)'ete'y degradimey
observed in surface watér’, Ground water, Sewage effluents Pharmaceuticals from aqueous solutichs These Processes
431 drinking water®®, and also in solid wasté. The drug are based on the generation of hydroxyl radical JOlhich
concentrations detected in the environment werergdly in IS @ more powerful oxidant (E2.8V) than the other chemical
the ng/L to pg/L rangé 2. Pharmaceuticals retain their reagents like ozone {E2.0V) or HO, (E° 1.8V) *?. Among
chemical structure long enough to do their thertipenork ~ AOPs, Fenton’s Oxidation is emerged as the mostjsiag
and remain in the environment for a long time asd i method, in terms of cost effectiveness and easgpefation
considered dangerous both at low and high condionted®. . In a comprehensive review, Neyens and Baeyen83j20
The effects like feminization in fish, inhibitionf growth in " have indicated that the Fenton’s Oxidation is \effgctive
microbes and plants, toxicity and Endocrine disouptn fish ~ in the removal of many hazardous organic pollutsnsn
were reported” 1% The actual risk to the humans and to thewater and wastewaters.
ecosystem from trace quantities of the drugs amdnatals in The presence of chloride and sulfate anions has a
drinking water sources is currently unknown 7.  Low considerable influence on Fenton oxidation proé&ss Free
concentrations of pharmaceuticals in water may pose radicals, in solutions containing chloride, werawnged to
much risk to adult humans, but fetuses, infantshiidren and ~ form chlorinated inorganic radicals among which the
other organisms may be affected. Children maye fewveight dichloride anion radical is the predominéjt‘?{. The overall
fold greater risk of adverse effects of pharmacaligxposure effect of sulfates on degradation rates is muchetow
1 As the pharmaceuticals are bioactive and alsenvthey comparison to chloride ions. Moreover, ferrousaelfis more
have been continuously introduced into the enviremtnthey ~ reactive towards hydrogen peroxide than ferrous aane
would certainly affect the ecosystems.

As a precautionary measure, considering the padenti
adverse effects of pharmaceuticals, they shouldebmved
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that [cl:%n additionally balance inhibitory potentélthe sulfate
ions'™".

Paracetamol (4-hydroxyacetanilide or
acetamidephenol or acetaminophen or Tylenol) isrestvely
used as analgesic and antipyretic drug, used asnietliate
for pharmaceuticals and azo dyes, stabilizer fodrbgen
peroxide, photographic chemicals and also useth@&control
of Brown Tree Snake populatidff. Paracetamol was found
to be present in sewage treatment plant (STP)esfttuup to a
concentration of 6 ug/!%, up to 10 pg/L in water samples
from natural sources in USA and more than 65 pg/L in the
Tyne River, UK % However, the concentrations of
paracetamol in water and wastewater may rise dimctease
in population and their modern life styles. Consayuo the
steep increase in the usage, the production otptaol has
also been increased manifold all over the world.

4-
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The simulated paracetamol aqueous stock solutidio0®
mg/L concentration was prepared with Millipore EBx
deionized water every week and stored in the dadk @.

Experimental Procedure

The experiments were conducted at ambient temperatu
(273 C) in batch reactors. A 1000 mL solution of reqdire
paracetamol concentration was prepared from theksto
paracetamol solution and was taken in a 2 litectoga Initial
pH of the solution was maintained using 0.1 dé@jand 0.1N
NaOH. Appropriate amount of Eeconcentration from the
1000 mg/L stock solution, freshly prepared from Gg%H,0,
was added to the reactor bath and stirred with mi@gstirrer.
Required amount of }D, was added to the reactor bath to
initiate the reaction. For the experiments withnirfrom
laterite soil, pH was adjusted after adding apgederiron

Recently, removal of paracetamol by electrochemicalsolution, stirred with magnetic stirrer and thenObl was

method®" 22 ozonation and ¥D,/UV oxidation method&*
24 oxidation with Diperiodatoargenate (1§, TiO/UV % 28

added. The mixture of paracetamol solution and drést
reagent was stirred with magnetic stirrer durigtment. The

and sonolysi€” were reported. However, Fenton’s oxidation paracetamol solution samples were taken out folysisaat
(using FeSQ7H,0O and Lateritic soil as two different sources pre-defined time intervals and filtered through 30.4m

of iron), one of the most promising AOPs for théeefive
removal of hazardous organic pollutants, has nehlveported
for the oxidation of paracetamol in aqueous sohgioThe
Fenton’s reagent is widely used in the wastewatsatient
because of the fact that ferrous iron is a widelabke and
nontoxic element, and hydrogen peroxide is eashadle
and the excess is decomposed in to eco-friendigyuts.

Millipore filter membrane for COD analysis and atkwough
a 0.45 um Millipore Syringe filter for determinatioof

paracetamol concentration by using UV-VIS
Spectrophotometer and  High  Performance  Liquid
Chromatography (HPLC).

Analytical M ethods

The aim of the present investigation was to explainParacetamol solutions of concentration 10, 20, 80, 50

the effect of operating parameters and reactioatkis for the
Fenton’s Oxidation of paracetamol in aqueous swhgti The

mg/L were prepared and UV-VIS spectra were recoffdzu
190 to 500 nm using UV-VIS double beam spectropheter

Oxidation runs were carried out at ambient tempeeat (Systronics-2201)The absorbance peaks of Paracetamol for
(27£3C). Laterite soil is used as source of iron catatysd  all the considered concentrations were at waveleBd8 nm.
the experimental results were compared with the aoke A standard absorbance verses paracetamol condentrat
FeSQ.7H,O as source of iron in Fenton’s oxidation. The calibration curve was prepared by single wavelengtide
operating parameters were optimized for the maximunusing 10, 20, 30, 40 and 50 mg/L paracetamol staisdd his
removal of paracetamol and the corresponding remofla curve was used to determine the paracetamol caratiemnis in
Chemical Oxygen Demand (COD). Analysis of paracetam aqueous solutions during the subsequent experitrfeigisre 1
samples using UV-Vis spectrophotometer and HPLCshows the spectra and molecular structure of parae used
instrument were carried out. in this study. Figure 1

The concentration of paracetamol in the aqueous

Material and Methods

Chemicals

Paracetamol Extra pure (98% assay) were purchasedSD
Fine Chem. Ltd. (India). Hydrogen Peroxide,@) (50%
w/w) and Ferrous Sulfate (Fe®@H,0O) were purchased from
Merck (India). The chemicals were used as receivethe
Fenton’s Oxidation Process. Hydrochloric acid (H@erck,
India, 35% purity), Sulfuric acid (%0, Merck, India, 98%
purity), Sodium hydroxide (NaOH, Merck, India, 9§Mrity),

were also used in the experiments. Methanol AR egrad

(Merck, India), Sodium Pentanesulfonate AR gradesr@¥,

India) and Formic acid AR grade (Merck, India) wered in
HPLC analysis. The lateritic soil, for the extractiof iron,

was acquired from the National Institute of Teclogyl

Karnataka, Surathkal (NITK, India) campus, whicHasated
over laterite soil bed. The iron from laterite se#s extracted
using procedure given by Olanipekun (2088)

Synthetic Paracetamol aqueous solution
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solution at wavelength 243 nm was measured immelgliat
after removal of samples from the reactor usingsfaadard
curve, which has already been calibrated with U\&-\Wlouble
beam Spectrophotometer. The pH was measured with a
digital pH meter (Lovibond — pH 100). The COD ofeth
samples was determined by closed reflux titrimetrethod as
per the procedure outlined in the Standard Meth@dxHA
2005) ®. Final COD was quantitatively corrected for
hydrogen peroxide interference according to theetation
equation given by Kang et al. (19995%. The Iron
concentration was measured using Spectrocolorim@€er
Spectroll, Lovibond) by Thiocynate-colorimetric Med. The
H,0O, concentration was determined by iodometric titmati
method®".

HPLC analysis was carried out with reversed-phase
Jasco High Performance Liquid Chromatograph fitegith
Microbonda 5 um, 300 x 4.6 mm column at a tempeeatd
30°C and coupled with a Jasco UV-2075 plus intelligght
VIS Photodiode array detector selected at 243 rumtrelled
through Jasco Chromatography data system. Thelenobi
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phase employed for paracetamol was 0.1 mg/mL okBdon
Chromatography reagent Sodium Pentanesulfonatéd1.7
Sodium Pentanesulfonate + 2 mL Formic acid diluted000
mL with double distilled water) at flow rate of 13 /minute.
The paracetamol solution samples were injectetieatdte of
15 pL and acquisition time was set as 25 minutes.

Results and Discussion

Effect of pH

The pH controls the production rate of hydroxylicadl and
concentration of F&. To determine optimal pH, experiments
were conducted at different pH values varying frarnto 5.5
with initial paracetamol concentration of 10 mgfH,0,], 20
mg/L and [Fé], 2 mg/L. The maximum paracetamol
reduction and COD removal were found to be 77.83% a
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by H,O, alone. But the paracetamol reduction and COD
removal were increased up to 87.98% and 79.17%
respectively with the addition of Feto the solution. Figure
3(@) -3(b) shows the variations in percent paraweta
reduction and COD removal under the different cbhods of
the Fé" and HO, maintaining pH of 3, reaction time of 24
hours. The max paracetamol reduction and COD rehvesize
observed to be 87.98% and 79.17% respectivelysat@/L
F&* concentration. These results are in agreement thith
literature, where in an increase in“Feconcentration of
Fenton’s reagent increases OH radical productiah lsmnce
the degradation and mineralizatidi’. It has also been
observed that at higher econcentrations the paracetamol
and COD removals were reduced. This may be dudago
ferrous ion inhibition that occurs when high cortcation of
Fe* was present in the system and Feself can react with

75.00% respectively at pH 3. The paracetamol refovaOH radicals resulting the scavenging of OH radical.

efficiency was reduced for the other values of pigure 2

Research findings indicate that the optimum pH of
Fenton’s Oxidation was independent from charadtesisof
water and the optimum pH was 3'8 and 352 ! A similar
result of optimum pH 3 was obtained by the presémdy on
Fenton’s oxidation of paracetamol solutions and wets for
subsequent experiments.

The experiments were conducted to investigate
optimum hydrogen peroxide concentration with laéeition in
Fenton’s reagent. The hydrogen peroxide conceémtratas
varied from 10 to 50 mg/L for Laterite iron conaetion
varying from 0.25 to 1.25 mg/L, initial paracetamol
concentration 10 mg/L at initial solution pH of 8. was
observed that the maximum paracetamol reduction was

At pH 3, Paracetamol removal was maximum and it80.12% and the corresponding COD removal was 75.80%

may be due to the formation of more Fe(Othich has much
higher activity than Fé in Fenton’s oxidatio*®. When pH

> 3, oxidation efficiency rapidly decreases due awoto-
decomposition of kD, affecting the production of OH
radicals 3! and deactivation of ferrous catalyst with the
formation of ferric hydroxide precipitat€s’. Also there was a
decrease in oxidation potential of hydroxyl radiosith
increase in the pH valu&’. When pH < 3, the reaction of
H,O, with FE* was seriously affected to reduce hydroxyl
radical production and water was formed by the treacof
OH radicals with H ions®®® and also there was an inhibition
for the radical forming activity of iro°.

Effect of H,0O, and Fe** concentration

Hydrogen peroxide was the basis for the radicakgaion in

Fenton’s Oxidation. The hydroxyl radicals eitheridize the

pollutant and other intermediates or react with thédant

itself to cause reduction in pollutant removal @éncy.

Hence, an investigation of ,B, consumption and
optimization in Fenton’s oxidation was vital forimg H,O,

efficiently and also for the other best possibladitons that
were to be found in aforesaid process.

The investigation for optimization of hydrogerr@dde
concentration was carried out by varyingdd concentration
from 5 to 50 mg/L, keeping the iron concentrationastant (0
— 1.25 mg/L) for [paracetamol 10 mg/L at solution pH 3.
The maximum paracetamol reduction was 87.98% aed th
corresponding COD removal was 79.17% at,OH
concentration of 30 mg/L and [E® of 0.5 mg/L after a
reaction time of 24 hour?‘igure 3

Both the Paracetamol reduction and COD removalthe Fenton's oxidation process

from the aqueous solution were significantly imgdveven
with the addition of very low concentrations ofFeo H,0,.
The maximum paracetamol reduction and COD remoeaew
observed to be 9.10% and 8.33% respectively wittiation
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H,0, concentration of 30 mg/L and [Laterite irgrgf 0.75
mg/L after a reaction time of 24 hours. Figure 3{8jd)
shows the variations in percent paracetamol reduocéind
COD removal under the different doses of the Ltdeirion
and HO, maintaining pH of 3, reaction time of 24 hours.

The removal efficiency increases up to a maximum
level with increase in §D, concentration and further increase
in the HO, concentration decreases the removal efficiency.
Similarly, both the paracetamol reduction and C@maoval
from the aqueous solution were increased with aadf iron
extracted from the lateritic soil to a maximum leaed then
decreases with increase in iron concentrationss Ty be
due to the presence of maximum number of OH rasliegthe
optimum concentration of 4D, and laterite iron.

In the Fenton’s oxidation of paracetamol, the
paracetamol reduction and COD removals were lesghi®
laterite iron when compared with iron from FeS®,O. This
may be due to incomplete degradation and minetalizaf
paracetamol and the presence of intermediateseimdueous
solution. Further, the lesser removal efficiencideen laterite
iron was used may be because of the presence ofidds,
which have scavenged the free OH radicals.

In accordance with the results obtained, the optimu
ratio of [HO.].[Fe*], :: 60:1 (w/w) using iron from
FeSQ.7H,0O and the optimum ratio of j@,],:[Laterite iron],

12 40:1 (w/w) using iron from lateritic soil wer@wsidered for
subsequent experiments on Fenton’s oxidation aiqeamol.

Effect of initial Paracetamol concentration

Experiments were conducted to study the effect nitiai
paracetamol concentrations (10, 20, 30, 40 and §@)on
For all the paeamel
concentrations, the optimum ratio of [ParacetaghdH O],
was observed to be 1:3 (w/w) and the optimum ratio
[H,0,]/[Fe*], was observed to be 60:1 (w/w) at pH 3 after a
reaction time of 24 hours (data not shown here)then
experiments were conducted with the optimized dpeya
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conditions for a reaction time of 4 hours. The patamol
reduction was increased and COD removal was desnleas
with the increase in initial concentration of paat@mol. This
result is comparable with the literature, where C@Boval

of pharmaceutical wastewater by Fenton’s Oxidattomore
for the lower initial concentrations of druffg *!. Figure 3
(e)-3(f) shows the variations in percent paracetaeduction
and COD removals at [ParacetargdfiH,O,], ratio 1:3 (w/w),
[H,0,], /[F€*"], ratio 60:1 (w/w), pH 3 for 240 minutes of
reaction time. 82.73% of Paracetamol reduction and8%
of COD removal were observed for 10 mg/L initial
concentration of paracetamol, aj®4 of 30 mg/L, F& of 0.5
mg/L in 240 minutes of reaction time.

al Int. J. Res. Chem. Environ. Y¥dbksue 1 July 2011(157-164)

100% in 360 minutes and Skoumal et al. (2068)reported
83% mineralization in 240 minutes. Andreozzi et(2D03)
3 reported mineralization of paracetamol as 30% 20 1
minutes by Ozonation and 40% in 120 minutes B@AFUV.
Isriebel et al. (20095” reported 39% mineralization of
paracetamol in 480 minutes by Sonolysis. But in ihesent
study, 100% of paracetamol degradation and 77% COD
removal using FeS(¥YH,O and 100% of paracetamol
degradation and 71% COD removal using laterite in@mre
observed in 240 minutes of reaction time. Henlee,Renton
Oxidation of paracetamol in water is efficient artlable over
the aforesaid methods. Fenton’s process may efédgtibe
applied to paracetamol industry and the processatsm be

A set of similar experiments were conducted usingapplied in-situ for the treatment of paracetamolsurface

the laterite iron in Fenton’s oxidation to studye thffect of
initial paracetamol concentration. The initial p=e&@mMol
concentration was varied from 10 to 50 mg/L. Fdrthé
initial paracetamol concentrations, the optimumioraof

water, ground water and earth at the geologicahtastr
containing lateritic soil.

Conclusion

[paracetamolf [H,O,] , was observed to be 1:3 (w/w) and paracetamol degradation of 100% was observed withCH
[H20;] o [Laterite iron], ratio was observed to be 40:1 (W/W) analysis in both the cases where ferrous sulfatk laterite
at pH 3 after a reaction time of 24 hours (data sttdwn  jron was used in Fenton’s reagent. The COD removal
here). The paracetamol removal was increased an® COefficiency for iron extracted from laterite soil svanarginally
removal was decreased with an increase in initialess than that of iron from ferrous sulfate. At ioptm

concentration of paracetamol. It has also beenrobdethat
paracetamol removals, after 60 minute of reactiomw tat all
the initial concentrations of the paracetamol, teenoval
efficiencies reached the maximum level graduallguFe 3(g)
-3(h) shows the variations in percent paracetaradlction
and COD removals for [paracetamol[H,O,], ratio 1:3
(w/w), [H,O;]/[Laterite iron], ratio 40:1 (w/w) at pH of 3 in
240 minutes of reaction time. 77.23% of Paracetaaral
70.83% of COD were removed for 10 mg/L initial
concentration of paracetamol, at®4 concentration of 30
mg/L, Laterite iron concentration of 0.75 mg/L iA®minutes
of reaction time.

conditions, for the initial concentration of parsoeol 10
mg/L with a reaction time of 5 minutes, the percent
paracetamol reductions were 72.96 and 69.15; theept
COD removals were 60.42 and 52.08 for the iron from
FeSQ.7H,O and Lateritic soil respectively. The degradation
and mineralization of paracetamol for laterite iforFenton’s
oxidation of paracetamol was lower than that of G£#&H,0
due to the presence of chloride anions that inhthi
production of OH radicals in the system. Fentonjgdation
Process is an effective treatment method for tmeoval of
paracetamol in aqueous solutions and hence it may b
successfully applied to treat paracetamol induseffluent

By analyzing the results, it was observed that theand also may be applied in-situ for the treatmefit o

removal efficiencies were less in the case of it@émon when
compared with iron from ferrous sulfate in the [erg
oxidation of paracetamol process.

HPLC Analysis
HPLC analysis was carried out for the paracetamoipdes of
10 mg/L concentration treated at optimum conditiopsl 3,
[H,0, ]o 30 mg/L, [Fé, 0.5 mg/L and [Laterite irog]0.75
mg/L , UV irradiation time 240 minutes. The Figuteshows
the chromatogram of paracetamol before and afeatrirent
using ferrous sulfate and laterite iron. Paracetastendard
peak was absent after treatment in both the caken ferrous
sulfate and laterite iron is used. After treatmeone
intermediate was observed in case of ferrous suliat6.167
minutes but 10 intermediates in small quantitiesvben 5 and
20 minutes were observed in case of laterite iAdroptimum
conditions, it may be presumed that complete degi@a of
paracetamol was observed with both ferrous sulfatel
laterite iron. Figure 4

In the study on oxidation of paracetamol by Fl0QV,
Dalmazio et al. (20085 reported a degradation of 90% in
160 minutes and Yang et al. (206%) reported a degradation
of 90% in 160 minutes. Brillas et al. (2005) and Sires et al.
(2006)%Z, in the oxidation of paracetamol by electrochemnica
methods, reported a mineralization of 98% -

160

paracetamol in surface water, ground water anditiatsoils.
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Figure 1: UV-VIS spectrawith chemical structure of paracetamol compound
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Figure 2: Percent paracetamol reduction and COD removal at different pH; [paracetamol]o= 10
mg/L, [H20,]o= 20 mg/L and [Fe*],= 2 mg/L
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Figure 3: Variations in (a) [Fe*"] -percent paracetamol reduction, (b) [Fe**] - percent COD removal,
(c) [Laterite iron] - percent paracetamol reduction and (d) [Laterite iron] - percent COD
removal for [H,0, ]o 10-50 mg/L; (e) percent paracetamol reduction and (f) percent COD
removal at [Paracetamol], /[H-O3], ratio 1:3 (w/w) and [H-O,]J/[F€*], ratio 60:1 (w/w) (g)
percent paracetamol reduction and (h) percent COD removal at [paracetamol],/ [H20;] o ratio
1:3 (w/w) and [H20] o [Laterite Iron], ratio 40:1 (w/w) for 240 minutes of reaction time (pH 3,
[paracetamol], 10 mg/L)
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Figure 4. HPLC chromatogram for [Paracetamol], 10 mg/L, pH 3, [H202 ]o 30 mg/L, and (a)
paracetamol standard before treatment - [Fe**], = 0.5 mg/L (b) Sample after treatment- [Fe*'],
= 0.5 mg/L (c) paracetamol standard before treatment - [Laterite iron], 0.75 mg/L (d) Sample
after treatment- [Lateriteiron], 0.75 mg/L , reaction time 240 minutes
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