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ABSTRACT
The H2O2/pyridine/Cu(II) advanced oxidation system is a treatment method involving a combination of a
transition metal ion with ligand molecules which decomposes H2O2 to produce hydroxyl radicals (OH*),
which will then lead to the mineralization of organic compounds to produce CO2 and H2O. Most
researches used this system on synthetic dye wastewater and reported removal in colour only. This
study was carried out to assess and to optimize the treatment efficiency in terms of COD reduction
and colour removal using this system in the treatment of industrial dye wastewater. Full factorial
design and central composite design (CCD) from the response surface methodology (RSM) were
utilized in the screening and optimization of the system. Results obtained indicated that this system
was found to be capable in reducing the concentration of COD of the dye wastewater up to 80% and
removing 94% of the colour at the optimal concentrations of 0.0023 M [H2O2], 0.0073 M [pyridine],
0.0123 M [Cu(II)] and at pH 10. Final COD concentration was recorded at 102 mg/L, and colour point at
55 PtCo. Amount of sludge produced at the end of this treatment system was 260 mg/L.
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INTRODUCTION

Wastewaters generated from the textile industries and other
industries which used dyes and pigments often contained
high colour variations and appreciable quantities of organic
compounds (Gomez et al. 2007, Lee et al. 2012, Lee et al.
2014, Lee et al. 2015). Other pollutants present in textile
effluent include recalcitrant organics, toxicants and inhibi-
tory compounds, surfactants, chlorinated compounds, highly
alkaline pH, and salts with the main sources of water pollu-
tion coming from the dyeing, desizing, and scouring proc-
esses in a textile industry (Manu & Chaudhari 2002, Sena &
Demirerb 2003). Each of this process offers its own series of
environmental issues and they required the development of
effluent treatment method to ensure protection to the envi-
ronment and human health.

Among the treatment methods applied in the treatment of
dye containing effluent are coagulation and flocculation,
adsorption, membrane technology, chemical oxidation proc-
esses using Fenton reagent, ozone, UV plus H

2
O

2
 or NaOCl,

aerobic biological treatment and anaerobic bioremediation
each with their own advantages and disadvantages (Dhaouadi
& Henni 2008, Won & Yun 2008). The flow chart of effluent
treatment plant of a typical textile mill in Malaysia is out-
lined in Fig. 1. Recently, advanced oxidation processes (AOP)
is gaining popularity in the treatment of refractory compounds

in textile effluent especially Fenton oxidation. However, the
Fenton process is limited by its acidic pH requirement (pH 2-
4) and the high amount of sludge produced during the coagu-
lation step (Dantas et al. 2006).

A modified classical Fenton process involving the com-
binations of copper and organic peroxides in the presence
of pyridine, a fungal metabolite were found not only able to
depolymerized lignin, but also able to decolourize wide
ranges of synthetic dyes (Watabe et al. 1998, Nerud et al.
2001). Based on this information, this study was aimed to
evaluate the efficacy of this system in the treatment of a real
textile effluent, more specifically in the reduction of chemi-
cal oxygen demand (COD) concentration, colour removal,
and the amount of sludge produced at the end of the treat-
ment process.

MATERIALS AND METHODS

Materials: Industrial textile effluent was collected from the
equalization pond of a textile plant. Effluent characteristics
are provided in Table 1. The permissible discharge limit for
COD and BOD of effluent in Malaysia is 100 mg/L and 50
mg/L, respectively. H

2
O

2
 (35%) was obtained from R&M

chemicals, pyridine from Merck, and CuSO
4
.5H

2
O, NaOH

and HCl were obtained from Systerm ChemAR. All chemi-
cals were of analytical reagent grade. Distilled water was
used in the preparation of all stock solutions.
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Methods: All experiments were performed in a standard jar-
test apparatus (Velp Scientifica JLT 6). Six 500 mL beakers
each filled with 150 mL textile effluent were used in each
run. The desired pH was adjusted using NaOH and HCl be-
fore the addition of H

2
O

2
, pyridine and CuSO

4
.5H

2
O. pH

was measured using a pH meter (CyberScan 20).

Mixing time and mixing speed were fixed at 6 minutes
and 60 rpm, respectively. Reaction time was kept constant
at 60 minutes and all samples were filtered using Sartorius
filter paper (pore size 20-25 µm). Filtrates were used in the
measurement of COD and colour point.

COD, colour point, and sludge production was deter-
mined according to procedures in Standard Methods, method
no. 5220D, 2120C, and 2540D, respectively (APHA et al.
2005).  Results for colour point were expressed in Platinum-
Cobalt (PtCo), the unit of colour being produced by 1 mg

platinum L-1 in the form of the chloroplatinate ion. Reduc-
tion and removal efficiency of COD and colour were ob-
tained using the following equation:

i f

i

C -C% Removal = 100
C

         ...(1)

Where C
i
 and C

f
 represent the initial and final concen-

trations of textile effluent, respectively.

Statistical Design of Experiment: 2k Full factorial design:
This design was utilized to study the joint effect of several
factors on a response. Without the use of this design, impor-
tant interactions among factors may not be detected and
thus, lead to misleading conclusions (Montgomery 2001).

Independent factors affecting this study include pH,
[H

2
O

2
], [pyridine], and [Cu(II)] while COD reduction was

selected as the main response in the screening of factors.

Dyeing Wastewater Finishing Wastewater

Cooling Tower

Raw Wastewater

Neutralization

Cooling Tower
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Cooling Tower
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Fig. 1: Flow chart of effluent treatment plant of a typical textile mill in Malaysia.
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COD was chosen as the main response since the concentra-
tion of COD can serve as an indication of the concentration
of all organic compounds that could be oxidized by strong
oxidizing agents and therefore, could provide an idea of the
level of pollution of the effluent (Chakinala et al. 2008).

Central composite design, response surface method: Re-
sponse surface methodology, RSM is useful in modelling
and analysis of problems in which a response of interest is
influenced by several factors and the objective is to optimize
the response. The first step in RSM is to find a suitable
approximation for the true functional relationship between
the yield of the process, y and the set of independent factors
either by the first order model or the second order model.

When a curvature is detected, the second order model was
required to approximate the response (Montgomery 2001):

k k k-1 k
2

0 i i ii i ij i j
i=1 i=1 i=1,i<j j=2

β β x β x β x xY                ...(2)

Where, Y  is the predicted response, 
O
 the offset term,

i

the linear effect, 
ii
 the squared effect and 

ij
 represents the

interaction effect.

After performing the screening of factors with the facto-
rial design, a response surface analysis was employed to
optimize the highest COD reduction and colour removal of
textile effluent. Coded variables were converted to natural
variables according to the following relationship
(Montgomery 2001):

k 0
k

ξ xx
δx


         ...(3)

Where, x
k
 is the coded value of the kth independent vari-

able, 
k
 the natural variable of  the kth independent variable,

x
O
 the natural value of the kth independent variable at the

centre point, and x is the value of step change.

RESULTS AND DISCUSSION

Screening of factors: Effect of factors and their interactions
were determined by performing the experiment according
to Table 2 in triplicate. Factor levels were coded as – (low
level) and + (high level). Low level represents the lowest
concentration of chemicals used and high level, the highest
concentration used (Tanja et al. 2003).

The normal probability plot of effects is presented in
Fig. 2 to evaluate the statistical significance of the effect.
The blue line serves as an indication of where the indi-
vidual and interactions among effect points were expected
to fall if they were not significant and significant effects
were located farther away from the line (Montgomery 2001).
Apart from identifying significant effects, this plot also re-
veals the direction of the effect. Positive effects are located
to the right of the line and negative effect on the left. Posi-
tive effects mean that by increasing the level of the effects
would result in the increase to the response while negative
effects mean that by reducing the level of the effects would
result in the increase to the response (Montgomery 2001).

From Fig. 2, the most significant effects were A (pH),
followed by interaction between ACD (pH, pyridine, Cu
(II)), individual effect of B (H

2
O

2
), and interaction between

ABC (pH, H
2
O

2
, pyridine). Fig. 2 also indicates positive

direction of effect A (pH) which means that higher pH lead
to higher percentage COD reduction. This result was in con-
trast with research results obtained by researchers working

Table 1: Characteristics of textile wastewater.

Parameters Value

pH 11.5
Temperature (°C) 44.2
Colour Point (PtCo) 860
COD (mg/L) 510
BOD5 (mg/L) 51.4
TSS (mg/L) 22.5
Turbidity (NTU) 28.8
Conductivity (µS/cm) 5700

Table 2: Input factors of H2O2/pyridine/Cu(II) System and experi-
mental ranges and levels of 24 factorial design.

Experiment           Experimental Factors

ApH BH2O2 Cpyridine DCu(II)
(M) (M) (M)

1 3 0.005 0.008 0.015
2 3 0.005 0.010 0.013
3 3 0.003 0.008 0.015
4 3 0.003 0.008 0.013
5 9 0.005 0.008 0.013
6 6 0.004 0.009 0.014
7 3 0.005 0.010 0.015
8 9 0.003 0.008 0.013
9 6 0.004 0.009 0.014
1 0 3 0.003 0.008 0.013
1 1 9 0.003 0.010 0.015
1 2 9 0.005 0.010 0.015
1 3 3 0.003 0.010 0.013
1 4 9 0.003 0.010 0.013
1 5 9 0.005 0.008 0.015
1 6 9 0.003 0.008 0.015
1 7 9 0.005 0.010 0.015
1 8 0.005 0.008 0.013

Factors                            Levels
- (Low Level) + (High Level)

A: (pH) 3 9
B: ([H2O2]) 0.003 0.005
C: ([pyridine]) 0.008 0.010
D: ([Cu (II)]) 0.013 0.015
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on the decolourization of various synthetic dyes which
found that this system was unaffected by pH within the range
3-9 (Nerud et al. 2001, Bali & Karagözoglu 2007a, Bali &
Karagözoglu 2007b).

The reason could be due to the composition of the dye
wastewater used in the study. pH was found unimportant by
researchers working on synthetic dye wastewater while in
this study, real textile wastewater was used. Real effluent
contained various compositions which could influence the
screening result of the study as the behaviour of this oxida-
tion system could be affected by the structure of dye as well
as the presence of other compounds in relation to pH
(Guimarães et al. 2008).

Response optimization: Central composite design (CCD),
a response surface method was used to obtain and to optimize
the relationship between factors and response. A full 24 fac-
torial design plus 4 center points in cube, 8 axial points and
2 center points in axial as presented in Table 3 was carried
out in three replicates and six blocks in order to fit the sec-
ond-order polynomial model allowing the estimation of the
linear, quadratic and interactive effects of this system on
the percentage of COD reduction and colour removal.

The quadratic regression model for the percentage COD
reduction and colour removal are given by Eq. 4 and Eq. 5
respectively:

COD reduction (%):

1 2 3 4 1 2 3 464.69 9.95 0.65 0.12 0.09 4.32 0.79 0.87 1.28Y x x x x x x x x        

2 2 2 2
1 2 3 4 1 2 3 464.69 9.95 0.65 0.12 0.09 4.32 0.79 0.87 1.28Y x x x x x x x x        

1 2 1 3 1 4 2 3 2 4 3 4      0.18 0.26 0.55 0.20 0.26 0.05x x x x x x x x x x x x     

1 2 1 3 1 4 2 3 2 4 3 4      0.18 0.26 0.55 0.20 0.26 0.05x x x x x x x x x x x x     
        ...(4)

Colour removal (%):

1 2 3 4 1 2 3 489.66 2.33 0.90 0.93 0.59 3.53 0.75 0.81 0.96Y x x x x x x x x        
2 2 2 2

1 2 3 4 1 2 3 489.66 2.33 0.90 0.93 0.59 3.53 0.75 0.81 0.96Y x x x x x x x x        

1 2 1 3 1 4 2 3 2 4 3 4      0.80 0.76 0.37 0.48 0.49 0.05x x x x x x x x x x x x     

1 2 1 3 1 4 2 3 2 4 3 4      0.80 0.76 0.37 0.48 0.49 0.05x x x x x x x x x x x x     
        ...(5)

Where Y  is the predicted response, x
1
, x

2
, x

3
 and x

4
 are

the coded values of the respective treatment system factors;
pH, H

2
O

2
, pyridine and Cu(II).

Effects of treatment system factors: The regression models
(Eq. (4) and Eq. (5)) of factors on the treatment responses
were represented graphically by contour plots as shown in
Figs. 3-6. These plots show the responses of different oper-
ating parameters and thus, can be used in establishing desir-
able operating conditions (Bhatia et al. 2007). Contour plot
in Fig. 3 shows the effect of [H

2
O

2
] and pH on percentage

COD reduction. From the plot, COD reduction increased
with pH and the highest COD reduction at 73% was found
in the region [H

2
O

2
] of -1.64 to -1.55 and pH of 0.87 to 1.37

(coded level). Contour plot in Fig. 4 shows the effect of [Cu
(II)] and pH on percentage COD reduction. It was found that
high COD reduction, 74% was obtained at high pH level
(from 0.78 to 1.64) and low [Cu(II)] level (from -1.65 to -
1.41).

Based on Fig. 3 and Fig. 4, we conclude that higher pH
is recommended for higher treatment efficiency in this sys-
tem. At high pH, the probability of multi-azo groups being
attacked by free radicals is much higher. Chu & Ma (1998)

Fig. 2: Normal probability plot of effects.
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suggested 2 mechanisms in which the decolourization of
polyazo dyes at low pH was incomplete:

I Since the amount of free radicals in solution were insuf-
ficient for the simultaneous attack of the multi-azo bond
of the dye molecule.

II At low pH, the interference of H+ towards the conju-
gated system of polyazo dye forming positively charged
central amine decreased the reactivity of electrophilic
free-radical mechanism as shown in Eq. 6:

                ...(6)

Table 3: Input factors of H2O2/pyridine/Cu(II) System and experi-
mental ranges and levels of process variables for % COD reduction.

Experiment                        Experimental Factors

A B (M) C (M) D (M)

1 3 0.0030 0.0100 0.0130
2 6 0.0040 0.0090 0.0140
3 3 0.0030 0.0080 0.0150
4 9 0.0030 0.0100 0.0150
5 3 0.0050 0.0080 0.0130
6 9 0.0050 0.0080 0.0150
7 3 0.0050 0.0100 0.0130
8 3 0.0030 0.0100 0.0150
9 3 0.0050 0.0080 0.0150
1 0 9 0.0030 0.0080 0.0130
1 1 3 0.0030 0.0080 0.0130
1 2 3 0.0050 0.0100 0.0150
1 3 9 0.0030 0.0100 0.0130
1 4 6 0.0040 0.0090 0.0140
1 5 9 0.0030 0.0080 0.0150
1 6 6 0.0040 0.0090 0.0140
1 7 6 0.0040 0.0090 0.0140
1 8 9 0.0050 0.0100 0.0150
1 9 9 0.0050 0.0073 0.0130
2 0 9 0.0050 0.0100 0.0130
2 1 6 0.0040 0.0090 0.0140
2 2 1 0.0040 0.0090 0.0140
2 3 1 1 0.0040 0.0090 0.0140
2 4 6 0.0040 0.0090 0.0123
2 5 6 0.0040 0.0107 0.0140
2 6 6 0.0040 0.0073 0.0140
2 7 6 0.0057 0.0090 0.0140
2 8 6 0.0040 0.0090 0.0157
2 9 6 0.0040 0.0090 0.0140
3 0 3 0.0023 0.0090 0.0140

Factors                                    Levels

- -1 0 +1 +

A: pH 1 3 6 9 1 1
B: [H2O2] 0.0023 0.0030 0.0040 0.0050 0.0057
C: pyridine] 0.0073 0.0080 0.0090 0.0100 0.0107
D: [Cu (II)] 0.0123 0.0130 0.0140 0.0150 0.0157

Fig. 4: Contour plot of % COD reduction versus [Cu(II)] and pH.

Fig. 3: Contour plot of % COD reduction versus [H2O2] and pH.

Fig. 5: Contour plot of % Colour removal versus [pyridine]
and [H2O2].
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Fig. 6: Contour plot of % Colour removal versus [Cu(II)]
and [H2O2].

a proportionate amount of [H
2
O

2
] and [pyridine] in order to

obtain desirable treatment efficiencies.

Fig. 6 shows a contour plot of percentage colour removal
versus [Cu(II)] and [H

2
O

2
]. High colour removal (97%) was

observed at the high level region of [H
2
O

2
] (1.48 to 1.65)

and [Cu(II)] (1.49 to 1.65). Even at low level region of [H
2
O

2
]

(-1.65 to -1.35) and [Cu(II)] (-1.65 to -1.45), 93% colour
removal was recorded. Though decolourization of textile
wastewater using this system was high (>90%), the main
aim of this present work is to maximize percentage COD
reduction. Therefore, the optimal operating conditions were
selected based on combinations which give the highest COD
reduction.

Optimization analysis: An additional 5 experiments were
carried out as shown in Table 4 by using the proposed nu-
merical optimization solution generated by the Minitab
software in order to determine the optimum condition for
this system. Comparison between actual experimental re-
sults and predicted results from the regression model was
made. Operating conditions which give the highest percent-
age of COD reduction was selected as the optimal condi-
tions. Based on results tabulated in Table 4, the optimal
operating conditions were determined at pH 10, 0.0023 M
[H

2
O

2
], 0.0073 M [pyridine], and 0.0123 M [Cu(II)] in which

80% COD reduction and 94% colour removal was achieved
with 260 mg/L amount of sludge produced at the end of the
treatment process.

CONCLUSIONS

Experimental design was used to evaluate the efficacy of
the H

2
O

2
/pyridine/Cu(II) system in treating industrial dye

wastewater and obtained the optimum operating conditions
of the process variables; pH, [H

2
O

2
], [pyridine], and [Cu(II)]

on the percentage of COD reduction and colour removal.  In
the selection of the optimal operating conditions, we should
also consider the economy feasibility apart from looking at

Table 4: Values from general solutions of process variables.

Run pH [H2O2] [Pyridine] [Cu(II)]          COD reduction (%)         Colour removal (%) Sludge
(M) (M) (M) Produced

Experimental Predicted Experimental Predicted (mg/L)

1 1 0.00 0.0073 0.012 79.71 80.46 93.58 92.30 260
2 0 2 3 0.0073 3 76.78 79.86 94.57 90.01 435
3 1 0.00 0.0107 0.012 77.41 80.00 93.21 90.65 910
4 1 2 3 0.0073 3 75.10 79.72 93.46 93.90 360
5 9 0.00 0.0107 0.012 75.52 78.56 94.07 93.22 555

9 5 7 3
1 0.00 0.015
0 2 3 7

0.00 0.012
2 3 3

Contour plot in Fig. 5 shows the effect of [pyridine] and
[H

2
O

2
] on percentage colour removal. This plot studies the

influence of [H
2
O

2
], an oxidant and [pyridine], a ligand. In

this figure, the regions which led to high colour removal,
95% were region where both the level of [pyridine] and
[H

2
O

2
] were high, region where the level of [pyridine] was

high and [H
2
O

2
] was low and region where the level of

[pyridine] was low and [H
2
O

2
] was high.

Oxidation of the aromatic substrates ensues along with
decomposition of H

2
O

2 
in the production of OH* in the pres-

ence of pyridine in which the OH* is responsible in the
decomposition of the dye (Kuznetsova et al. 2007). The
enhancement of decolourization with an increase in [H

2
O

2
]

is because of the increase in OH* and H
2
O

2 
is unable to

generate enough OH* at low concentration
(Muruganandham & Swaminathan 2004). At high [H

2
O

2
]

however, instead of producing more OH*, these radicals
react with the excessive H

2
O

2 
resulting in undesirable com-

petition with the destruction of the chromophoric groups
(Galindo & Kalt 1998).  Therefore, it was important to have
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the treatment efficiencies. In this study, we select the condi-
tions which used the lowest concentration of materials and
at the same time yield high COD reduction and colour re-
moval and produced low amount of sludge at the end of the
treatment. Therefore, the optimal conditions obtained from
this study were pH 10, 0.0023 M [H

2
O

2
], 0.0073 M [pyridine],

and 0.0123 M [Cu(II)]. At this condition, 80% COD reduc-
tion and 94% colour removal was reported with the final
COD concentration at 102 mg/L, and final colour point at
55 PtCo. Amount of sludge produced at the end of this treat-
ment system was 260 mg/L.
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