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Abstract

p-Anisidine being a component of wastewater generated through dye and pharmaceutical industries is highly toxic and
carcinogenic in nature. Therefore, its presence in wastewater requires prior treatment before its disposal from the point of
safety of human and aquatic life. Fenton’s oxidation is a type of advanced oxidation processes which is efficient, ecofriendly
and reliable, and this was not studied for the removal of p-anisidine from wastewater. In this study, the effect of influent pH,
hydrogen peroxide (H,0,) concentration and ferrous ion (Fe?™) concentration on the removal of p-anisidine by Fenton’s
reagent was carried out on a laboratory scale. All samples were examined for initial and final concentrations of p-anisidine
using UV—Vis spectrophotometry, and also initial and final COD was analyzed. p-Anisidine shows maximum absorbance at
296 nm. At pH 2.5 and [H,0,]/ [Fe?*] of 70:1 for the initial p-anisidine concentration of 0.5 mM and for 24 h reaction time,

the maximum removal of p-anisidine was found to be 88.95% and maximum COD removal was 76.43%.
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Introduction
Background

Aniline derivatives are used in the manufacturing of dyes,
pigments, paints, herbicides, plastics, pharmaceutical prepa-
ration and in the production of rubber accelerator (Datta
et al. 2003). It is primarily used in the manufacture of
precursors to polyurethane. Aniline compounds produced
in some pharmaceutical plants are very complex in struc-
ture; although organic in nature, they show high resistance
to biological degradation (Kreisberg 2007). A vast kind
of dye manufacturing industries are using aniline deriva-
tives as intermediates, if the concentration of dye is around
1000 mg/L present in the dye solution (Manu and Chaudhari
2002), approximately 50% can be found in the effluent com-
ing out of these industries (Amritha and Manu 2016), and
therefore these intermediates concentration may not be more
than 300 mg/L in the dye solution.
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p-Anisidine is one of the aniline derivatives which
appears as gray brown solid and is also known as 4-meth-
oxyaniline, 4-aminoanisole and 4-methoxybenzenamine.
p-Anisidine has several industrial applications such as in
the biochemical research, in organic synthesis and also in
food quality testing as it is good in detecting unsaturated
aldehydes. Production of several azo dyes and pharmaceu-
ticals needs p-anisidine as an intermediate (Alfa.com 2015).
Some of the physical and chemical properties of p-anisidine
are shown in Table 1.

Health and environmental concerns

p-Anisidine is the most toxic of all the three isomers of
anisidine, and it can damage blood severely when inhaled,
orally ingested or contacted by skin. When p-anisidine is
heated strongly, toxic fumes containing nitrogen oxides are
released. It can also lead to kidney damage and anemia. High
levels of p-anisidine can create interference with blood’s
oxygen-carrying capacity which results in fatigue, headache,
dizziness and blue-colored lips and skin. For even higher
concentrations, there can be trouble in breathing, subse-
quently collapsing of the exposed person and in extreme
cases death (Fishersci.com 2018).
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Table 1 Properties of p-anisidine. (source: National Center for Bio-
technology Information)

Properties p-Anisidine

Structure NH.»
OCHs;

Synonyms 4-Methoxyaniline, 4-aminoanisole, 4-meth-
oxybenzenamine

Physical state Gray brown solid

Mol wt. 123.15 g/mol

Formula C,Hy NO

M.P. 57.2°C

B.P. 243 °C

Solubility in water Soluble

Density 1.071 g/em?

Applications It is used as dyestuff intermediates and pig-

ment intermediates

p-Anisidine poses serious threat to humans as well as ani-
mal and aquatic life, and still they are constantly being used
and produced in several dye and pharmaceutical industries.
So it is imperative to treat wastewater containing p-anisi-
dine prior to its disposal in sewage to ensure environmental
safety.

Treatment technologies

The incalcitrant nature and high toxicity of this compound
show the need for further studies on its treatment. Various
physical treatment methods like adsorption (Bardakcer et al.
2013; Al-Johani and Salam 2011), ultrafiltration and thermal
incineration applied in treating aniline derivatives are uneco-
nomical and not feasible due to need for high energy demand,
sophistication of membranes and generation of secondary
pollution as in the case of thermal incineration (Halling-
Segrensen and Jorgensen 1993). Biological treatment meth-
ods being ecofriendly destroy pollutants and convert them
into less toxic forms in a natural way (Padoley et al. 2008).
However, due to the p-anisidine high toxicity and incalcitrant
nature direct biological treatment method may not be suit-
able option for degrading. Therefore, pretreatment by chemi-
cal methods like the advanced oxidation treatment can be
applied, because they can increase the degradability and also
reduce the toxicity of the wastewater containing nitrogenous
organic compounds for subsequent biological treatment (Pad-
oley et al. 2011). AOPs depend on generating highly oxidiz-
ing substances like the hydroxyl radical (HO-). HO- has high
oxidation potential of +2.80 eV which is enough to initiate
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the degradation of natural and synthetic organic contami-
nants and to mineralize them completely to water and carbon
dioxide in aqueous solution. These advanced oxidation pro-
cesses had also been studied effectively on the degradation of
pharmaceutical compounds wherein very high conversion of
these drugs into less toxic forms was observed (Manu et al.
2011; Manu and Mahmood 2011; Karale et al. 2013; Amritha
and Manu 2016). The present work focuses on the Fenton’s
treatment of p-anisidine in aqua medium. The scope of this
work is to study the effects of various parameters, viz. pH,
Fenton’s reagent dosages (Fe?™ and H,0, conc.), and initial
concentrations of p-anisidine during Fenton’s oxidation.

Instruments and materials required

p-Anisidine extra pure (98% assay) was purchased from
Loba Chem. Ltd. (India). Hydrogen peroxide (H,0,)
(50%w/w) and ferrous sulfate (FeSO,-7H,0) were pur-
chased from Loba Chem. Ltd. (India). Hydrochloric acid
(HC], Loba, India, 35% purity), sulfuric acid (H,SO,, Loba,
India, 98% purity), sodium hydroxide NaOH, Loba, India,
98% purity) were also utilized in this study. A UV-Vis spec-
trophotometer (Agilent Technologies, Product No. G9821A)
is used for analysis, COD digester (HACH DRB 200).

Experimental methodology

The laboratory experiments were performed in reactors by
batch method at ambient temperature (27+3 °C). A 1L
solution of known p-anisidine concentration was taken in
five 2-L Erlenmeyer flasks. pH was adjusted with 6 N NaOH
and 0.5 N H,SO,. The required amount of Fe** concentra-
tion from the freshly prepared solution of ferrous sulfate
(FeSO,-7H,0) was added to the solution. Finally, H,O, was
fed to the reactor vessel to initialize the degradation reac-
tion. The reaction solution is constantly stirred for 2 h by
magnetic stirrers initially. The aliquots from reactor bath
were taken and scanned under UV-VIS spectrophotometer
at particular time intervals for analysis. The pre- and post-
treatment COD was measured by closed reflux titrimetric
method using COD digester (HACH DRB 200).

Analytical procedure

p-Anisidine concentration ranges from 0.1 to 0.5 mM were
scanned from 200 to 500 nm under the UV-VIS spectro-
photometer for finding wavelength for which maximum
absorbance is obtained (Fig. 1). p-Anisidine shows maxi-
mum absorbance at 296 nm for all the concentrations.
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Fig. 1 Wavelength scan of p-anisidine. (Source: UV-Vis spectropho-
tometer)

A standard calibration curve of absorbance versus p-ani-
sidine concentration was prepared by taking single wave-
length of 296 nm for 0.1, 0.2, 0.3, 0.4 and 0.5 mM p-anisi-
dine standards. This standard calibration curve was used for
analyzing the p-anisidine initial and final concentrations in
the solution.

Results and discussion
Influence of pH

The pH plays an important role in controlling the production
of HO- and Fe?* concentration in Fenton’s treatment. It is
a necessary operational variable in the treatment of actual
wastewater. Experiments were performed at pH ranges from
2.0 to 4.0 with initial 0.5 mM p-anisidine concentration to
get the optimum pH for the removal of p-anisidine during
Fenton’s oxidation. The initial pH of 0.5 mM p-anisidine
was 6.97, and initial COD calculated by closed reflux titri-
metric method was near about 190 mg/L. The pH was varied
across the solutions by 0.1 N NaOH and 0.1 N H,SO,. H,0,
and Fe** were added in the ratio of 70:1, i.e., H,0,=3.5 mM
and Fe>* =0.05 mM which is illustrated in Fig. 2.

The p-anisidine removal was maximum at pH 2.5, com-
pared to all other pH values between 2.0 and 4.0. Maxi-
mum p-anisidine removal of 88.95% and COD removal of
76.43% were found at pH 2.5. Figure 3 shows the initial and
final scan of p-anisidine concentration at optimum pH under
UV-Vis spectrophotometer.

The effective range of pH for the removal of p-anisidine
was 2.5-3.5. When pH was greater than 3.5, oxidation of
p-anisidine got rapidly reduced by the self-decomposition
of H,0, at high pH and also ferrous catalyst got deactivated
due to the generation of ferric hydroxide [Fe(OH);] com-
plexes, which leads to the depletion of HO- radical, which
results in the decrease in oxidation potential of HO- when
pH values is increased (Lucas and Peres 2006). Less removal
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Fig.3 Initial and final scan of p-anisidine at pH 2.5. (Source: UV—
Vis spectrophotometer)

at pH > 3.5 can also be explained by the auto-decomposi-
tion and dissociation of H,O, (Badawy et al. 2006). For pH
below 2.5, H,0, and Fe?* reaction was hindered causing
low production of HO-. The lesser removal below pH 2.5
was caused by the scavenging of H* ions by HO- itself to
produce water (Lucas and Peres 2006). At pH above 3.0, the
oxidizing potential of H,0, is greatly affected (Malik and
Saha 2003) and very less removal was observed at pH above
4 for p-anisidine.

Influence of Fenton’s reagent

Experiments were performed with varying H,0, and Fe**
dosages only one at a time while keeping the all others
parameters like pH and reaction time constant for a par-
ticular initial pollutant concentration to obtain the optimum
Fenton’s dosages in Fenton oxidation of p-anisidine. Opti-
mization for any particular concentration of p-anisidine was
done in two parts as follows:
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Influence of H,0,

The concentration of H,0, is one of the major parameters
which affects the Fenton’s treatment. At first, H,O, dosage
was optimized for 0.5 mM p-anisidine initial concentration,
and the study was carried out with varying H,O, concentra-
tion from 2.5 to 4.5 mM at pH 2.5 with keeping the Fe**
concentration constant at 0.05 mM which is shown in Fig. 4.

The maximum p-anisidine removal was 87.45% and max-
imum COD removal was 75.41% for [Fe**]1=0.05 mM at
3.5 mM H,0, concentration. When H,0O, concentration was
at 2.5 mM, the p-anisidine removal was found to be 74.22%
and COD removal was 64.21%. As the H,0, concentration
increased from 3.0 to 3.5 mM, the removal of p-anisidine
has increased from 77.32 to 87.45% and COD removal got
increased from 69.54 to 75.41%. When the H,0, concen-
tration was 4.0 mM, the decreased removal of 75.23% of
p-anisidine and COD removal of 68.42% was obtained.
And for 4.5 mM of initial H,O, concentration, p-anisidine
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Fig.4 Effect of H,0, on p-anisidine degradation during Fenton’s oxi-
dation
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Fig.5 Effect of Fe** on p-anisidine degradation during Fenton’s oxi-
dation
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removal and COD removal got further decreased to 68.4%
and 60.21%, respectively, as shown in Fig. 5.

This was because of the decreased catalytic activity
with the increased H,0, concentration. Also, with the
increase in the concentration of H,0, from 3.5 to 4.5 mM,
the removal rate of p-anisidine reduced. This is due to the
consumption of the reactive HO- by H,0, itself to gener-
ate less reactive OOH radical (Chen and Pignatello 1997,
Walling and Kato 1971; Kang et al. 2002).

The reduction in removal of pollutant was observed
as the concentration of H,O, increased, which can be
explained by the following reactions:

HO - +H,0, — HO, + H,0 e))
HO - +HO, — O, + H,0 )
HO - +HO- — H,0, 3)

H,0, itself consumed the HO- as shown in Eqgs. (1)—(3).
The removal rate of the contaminants was more for higher
concentrations of H,O, till a critical concentration of H,0,
was achieved after which removal of contaminants started
depleting, which agrees with literature (Hsueh et al. 2005;
Tambosi et al. 2006).

Influence of Fe2*

After H,O, dosage was optimized, the optimization of
Fe?* dosage is done by changing Fe?* concentration from
0.025 to 0.125 mM keeping the H,O, concentration con-
stant as 3.5 mM for p-anisidine dosage of 0.5 mM (Fig. 5).
Maximum removal was obtained at 0.05 mM Fe®* concen-
tration, the optimum p-anisidine removal was observed
to be 88.27%, and COD removal was 74.93% as shown in
Fig. 5. As Fe?* concentration increased from 0.025 mM to
0.05 mM, removal of p-anisidine was increased. For initial
Fe2* concentration of 0.025 mM, removal of p-anisidine
was 79.24% which got increased to 88.27% maximum for
0.05 mM Fe?* concentration, and also COD removal got
increased from 68.31 to 74.93%. The removal of p-anisi-
dine and COD removal rapidly decreased to a minimum of
38.39% and 35.76%, respectively, when Fe?* concentration
was at 0.125 mM.

It is clear that for p-anisidine concentration of 0.5 mM,
maximum removal was obtained at H,O, concentration
of 3.5 mM and 0.05 mM concentration of Fe?* when
the pH was set at 2.5. For higher Fe** concentration, the
removal of p-anisidine and the COD removal got severely
decreased as a huge amount of ferric ions Fe** from the
H,0, decomposition process by Fe?* was precipitated into
Fe(OH)*" in acidic environment.
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Table 2 Fenton’s treatment of p-anisidine at varying initial concentra-
tion

Initial H,0, Fe?t p-Ani- COD HJF ratio
p-anisidine dosage dosage sidine removal
(mM) (mM) (mM) removal (%)
(%)
0.5 3.5 0.05 88.95 76.43 70.00
1.0 7.5 0.1 79.97 70.12 75.00
1.5 11.5 0.15 76.87 66.87 76.67
2.0 15.5 0.2 73.10 61.35 77.50
2.5 20.0 0.25 69.63 58.92 80.00
95
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Fig. 6 Effect of varying initial p-anisidine concentration during Fen-
ton’s oxidation

Influence of initial p-anisidine concentration

Initial concentration of p-anisidine was varied from 0.5 to
2.5 mM after the successful optimization of pH, H,0, and
Fe?*. For higher concentrations of pollutant, more H,0, is
consumed than expected, while Fe?* requirement increases
in the usual order as summarized in Table 2.

The trend which was observed in p-anisidine removal
(%) during the Fenton’s oxidation of p-anisidine is shown
in Fig. 6. It is clear from Fig. 6 as the initial concentration
of p-anisidine was increased, the removal of p-anisidine
and COD got decreased. Also there was a gradual increase
in Fenton’s dosages as we increase the initial pollutant
concentrations.

Conclusion

Results obtained in this study concluded that lower concen-
tration of pollutant is favored by Fenton’s treatment method,
i.e., removal efficiency decreases as the initial concentration
of p-anisidine increases. The maximum p-anisidine removal

of 88.95% and COD removal of 76.43 were observed at pH
2.5, H,0, concentration 3.5 mM, and Fe?* concentration of
0.05 mM for 0.5 mM initial concentration of p-anisidine.

Also the Fe?* has key role in the Fenton’s oxidation of
p-anisidine. For 0.5 mM initial concentration, the p-anisi-
dine removal and COD removal increased to 88.27% and
74.93%, respectively, till reaching a critical Fe** concentra-
tion of 0.05 mM after which removal got rapidly decreased
when Fe?* concentration was further increased. This can be
explained as at high Fe?* concentration and acidic pH, the
Fe®* obtained from the reaction between H,0, and Fe?* was
transformed into Fe(OH)** which resulted in lesser removal
of p-anisidine.

p-Anisidine showed an increasing removal rate when the
concentration of H,0, was increased till a critical concen-
tration of 3.5 mM H,0, for initial p-anisidine concentration
of 0.5 mM. The removal rate of p-anisidine got gradually
decreased when initial H,O, concentration was increased
beyond the critical concentration as the free HO- was con-
sumed by H,0, itself.

Overall Fenton’s oxidation process was proven to be very
efficient in removing p-anisidine successfully from aqueous
solution to a large extent. The effluent of this process can be
sent for further biological treatment to completely remove
p-anisidine from the wastewater.
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