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Abstract
The response surface methodology was used to investigate the removal of Pb (II) from an aqueous
solution using banana peel with varying operating parameters in a batch mode. The central composite
design was used to study the interactive effects of the operating parameters (initial concentration, pH of
the solution, adsorbent dosage and the particle size). The banana peel was characterized by FTIR which
showed the functional groups, while SEM and EDS were used to study morphology and elemental
composition. The optimum removal of Pb(II) was 98.146 % at initial concentration 100 mg/L, pH 5,
adsorbent dosage 0.55 g and particle size 75 µm. The deviation between the experimental and the model
predicted percentage removal was 5.17 %. The analysis of variance showed that the regression model
was significant with a low probability and the correlation coefficient R 2 value of 0.9153. The results
showed that the biosorption of Pb(II) was highly influenced by the pH and the adsorbent dosage, while
the particle size had little effect on the biosorption process.
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Introduction
Environmental pollution is a major challenge
facing many developing countries in this present time.
Environmental pollution of water bodies has become
a great concern and threat to aquatic life as well as
humans. Rapid industrialization and urbanization
have led to the generation of toxic heavy metals
which pollute the environment. Some of the industrial
activities generating heavy metals include, metal plating

*e-mail: afolabiomolara1810@gmail.com

and galvanizing, paint, thermal power plant, laundry
processes, textile etc.
Among various heavy metals generated from
industrial effluents, lead (Pb) is one of the most toxic
heavy metals commonly produced from metal plating
and galvanising, paint, laundry process, mining, battery
manufacturing and steel industries. Pb(II) is nonbiodegradable and the third regularly occurring toxic
heavy metal in natural water bodies [1]. Lead (Pb) sticks
indefinitely and remains in living tissues all through
the food chain [2]. The effects of lead on humans
include, damage to the nervous and reproductive
systems, hypertension, mental retardation and abortion
[3]. It also has great influence on children [4]. There are
set rules and regulations to reduce the concentrations of
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Table 1. Maximum permissible limit of lead.
Heavy
metal

MPL
in water
(mg/L)

MPL
in wastewater
(mg/L)

MPL
in wastewater
(mg/L)

Pb

0.01

1.0

0.01

*

**

* Wastewater discharged into public drainage system.
** Wastewater discharged into inland surface water.

heavy metals in wastewater in order to safeguard human
life and the environment. This includes government
laws on the types and concentrations of heavy metals
in wastewater before discharge into the environment. In
South Africa, the limit of Pb(II) discharge into water
source is 0.01 mg/L however, the general maximum
permissible concentration limit of Pb(II) set by the US
EPA is shown in Table 1. Hence, it is imperative to
remove lead from industrial effluents before discharge
into the environment.
Many conventional methods such as, chemical
precipitation, ion exchange, coagulation, membrane
separation, complexation, solvent extraction, oxidation
or reduction, evaporation and electrochemical treatment,
have been used for removing toxic heavy metals from
industrial effluents [5-8]. However, these methods have
drawbacks which include; production of sludge, high
cost of chemicals and regeneration. Hence, the methods
require high cost of maintenance [5, 9, 10]. It is therefore
necessary to develop a new technology for the removal
of heavy metals from wastewater. Lately, adsorption
has become a proven technique for removing heavy
metals from contaminated wastewater. Adsorption is a
process through which substances are transferred from
the liquid phase to the solid phase through physical or
chemical interactions.
Biosorption is an adsorption on the surface of a
compound of biological origin which are referred to as
Bio-sorbents. Biosorption is an assuring technique for
treating industrial wastewater as it is easy to operate,
minimum chemical usage, high efficiency, low-cost,
minimize sludge production, allows for regeneration
of adsorbent, amongst others. Bio-sorbents generated
from agricultural wastes and/or industrial by-products
are mostly used for the removal of heavy metals from
contaminated effluents. Several bio-sorbents derived
from agricultural by-products have been used for
treating industrial effluents such as, orange peel [11],
banana peel [12, 13], potato peel [14], corn cob [15],
lemon peel [16], watermelon rind [17], sugarcane
bagasse [18], palm leaf, water hyacinth [19], pine saw
dust [20], moringa pod [21], hazelnut shell, peanut shells,
rice husk [22]. These bio-sorbents contain cellulose,
hemicellulose, lignin, lipids, proteins, hydrocarbons
and starch, comprising of various functional groups
with possibility of sequestration of many pollutants [23,
24].
This study is focused on the removal of Pb (II)
as a single solute from an aqueous solution using

natural banana peels. Banana is the second main
produced fruit and one of the fruits consumed in
large quantities worldwide. It accounts for 16 % of the
world's total fruit production [25]. The flesh is mostly
consumed by all, while the peels are thrown away or
discarded. These peels constitute a high percentage of
the wastes generated from households, markets and
chips manufacturers. Banana peels consist of cellulose,
hemicellulose, lignin, pectin and comprising of the
following functional groups; hydroxyl, carboxyl and
amine, which are responsible for heavy metal adsorption
[13, 26]. These functional groups are known for the
good adsorption efficiency of bio-sorbents. A number
of studies have been reported on the use of banana
peels for the removal of heavy metals from aqueous
solutions where the operating parameters were studied
individually [13, 26-28]. However, this technique
does not account for the interactive effect of various
operating parameters. In addition, for the purpose of
scale-up in industrial application, the conventional
batch method may not be reliable for the determination
of optimum conditions as a lot of experiments will be
required thereby, resulting in huge cost of operation
and time wastage. Therefore, this challenge can be
averted and reduced by studying the interaction and
optimization of all the operating parameters using the
experimental design method. The aim of this study is
to characterize banana peel before and after adsorption,
and to carry out batch experiments to optimize the
interactive effect of various process parameters such as,
initial metal ion concentration, pH, adsorbent dosage
and the adsorbent particle size using response surface
methodology (RSM). Response surface methodology is
a statistical technique used to explain the relationship
between different independent variables and one or
more responses. This method was developed by [29].
This method has been employed by many researchers as
it reduces experimental time, lowers operating cost and
reduces the number of variables to the most significant
[30]. It allows for interactive effects of the variables
thus making it more desirable and efficient than OFAT
(one factor at a time) method [31]. The design-Expert
software (version 11.1.0.1) was used for this study.
The 24 full factorial central composite design (CCD)
with face centred gave 30 experimental runs which
include 6 replicates. The statistical model and analysis
of variance (ANOVA) were used to explain the model
fitness.

Material and Methods
Preparation of Bio-Sorbent
The banana peels were collected from a local market
in Durban, South Africa and washed thoroughly to
remove dirt. Then, it was dried in an oven at 80ºC for
24 hr. The dried peels were crushed into smaller
particles using a grinder and then washed to remove
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colour. It was then dried at 50ºC for another 24 hr and
ground using a coffee blender to reduce the particle
size. The grounded peel was sieved into different
particle sizes using a mechanical shaker and stored in
an airtight container for use.

(micro plasma- atomic emission spectrophotometer).
The percentage removal of lead was calculated using
the formula stated below:

Characterization of Bio-Sorbent
The prepared bio-sorbent was characterized using
scanning electron microscope (SEM)/energy dispersive
x-ray spectroscopy (EDS) and Fourier transform
infrared (FT-IR). The SEM was done to determine the
morphological and surface structure of the bio-sorbent.
The EDS gave the elemental analysis of the bio-sorbent.
The FT-IR was done to determine the functional groups
present in the bio-sorbent. The FT-IR make use of
infrared light to scan the sample thereby identifying the
chemical groups that are domicile in the bio-sorbent.
The functional groups play a major role in adsorption
of heavy metals and helps to determine the type of
adsorption process [32].

Preparation of Stock Solution
The stock solution of lead was prepared using lead
nitrate (Pb (NO3)2) salt. A calculated amount of lead
nitrate was dissolved in deionized water to the level
of 1000 mL in a volumetric flask. Different metal
concentrations of lead nitrate were prepared from the
stock solution. The pH of the solution was adjusted
using 0.1 M H2SO4 and 0.1 M NaOH and the value
measured using a digital pH meter. The chemicals
were of analytical grade and purchased from laboratory
analytical supplies limited, South Africa.

(1)
...where Ci and Cf are the initial and final concentrations
of lead ion in solution measured in mg/L.

Adsorption Process Optimization
A two-level full factorial CCD was used for the
optimization of lead adsorption with four factors
(24). The design expert version 11.1.0.1 was used for
studying the interactive effects of the variables and for
the optimization of the process parameters. The process
parameters considered are; initial concentration of lead
ion 10-100 mg/L, pH of the solution 2-6, the adsorbent
dosage 0.1-1 g and the particle size of the adsorbent
75-455 µm. The influence of these parameters was
studied by calculating the percentage removal of lead
ion using statistically designed experimental runs and
optimizing the results through RSM. The experimental
ranges and levels of the process parameters examined are
as shown in Table 2. The total of 30 experimental runs
were generated from RSM design namely CCD with
four-factors (x1, x2, x3 and x4) and three-levels (-1, 0 and
+1).
The model equation used to explain the interaction
effects of the process parameters and the critical points
is given below;

(2)

Experimental Method
The batch experiments were carried out using a
250 mL conical flask containing 100 mL of solution.
The pH of the solution was adjusted accordingly varying
from 2-6, and an amount of adsorbent was added to
the solution. The conical flasks were arranged in a
rotary shaker at 180 rpm for 120 mins. The supernatant
portion of the solution was first filtered using a grade
5 filter paper of 2.5 µm and then using a syringe filter of
0.22 µm. The sample was then analysed using MP-AES

Table 2. Central composite experimental design input variables.
Input variables

Levels
-1

0

+1

X1:Initial concentration

10

55

100

X2: Adsorbent dosage

0.1

0.55

1

X3: pH

2

4

6

X4: Particle size

75

265*

455

*Actual value used in the experiment was 250 microns due to
available sieve sizes.

...where β0, βi, βii, and βij are the regression coefficients
for the intercept, linear, quadratic and interaction
respectively. xi and xj are the independent parameters
while Ɛ is the residual connected to the experiments.

Results and Discussion
Characterization of Adsorbent
Scanning Electron Microscopy (SEM) and Energy
Dispersive X-ray Spectroscopy (EDS)
Fig. 1 below shows the images of banana peel at
5.00 Kx magnifications. Fig 1a) shows a rough surface
with irregular shape. It also shows that the surface is
microporous with vast heterogeneity which can enhance
the adsorption of Pb(II), as similarly observed by
[26]. However, after adsorption, Fig. 1b) reveals, the
surface became regular and filled up. It is evident that
adsorption has taken place as the surface is with little
or no space.
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Fig. 1. Scanning electron microscopy (SEM) of a) natural banana peel and b) banana peel after adsorption at x5.
Table 3. Elemental composition of banana peels before and after adsorption.
Elemental composition (%)

C

O

Si

K

Pb

Before

56.43

38.22

4.74

0.61

-

After

56.98

38.38

0.46

0.25

3.93

The EDS of banana peels gives the elemental
composition present in the peel before and after
adsorption. The elements present in natural banana
peel are as stated in Table 3 below. The high percentage
of carbon and oxygen indicates that banana peels will
be a good adsorbent. However, after adsorption the
percentage composition of carbon and oxygen slightly
increased while silicon and potassium decreased. This

Fig. 2. FT-IR spectra of banana peel before and after adsorption.

suggests that carbon and oxygen present in natural
banana peel has affinity and great influence on the
adsorption process. The composition of silicon and
potassium was seen to have decreased after adsorption
which implies that exchange of ions have taken place.
There is a high possibility that Si and K ion available
in the peel have interchanged with metallic ion in the
aqueous solution. Potassium is a highly reactive metal
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Table 4. 24 factorial experimental design and percentage removal response.
Std

Run

Initial Conc.
A

Adsorbent Dosage
B

pH
C

Particle Size
D

Experimental
Yield

Predicted
Yield

23

1

100

1

6

75

98.59

99.26

16

2

55

0.55

4

250

88.28

91.82

28

3

100

0.55

4

250

99.32

93.40

11

4

55

0.55

4

250

88.30

91.82

20

5

10

0.1

6

75

98.98

97.62

26

6

10

1

2

455

74.30

73.90

3

7

10

1

6

75

85.40

84.55

6

8

100

1

6

455

98.96

99.16

22

9

10

0.1

6

455

76.80

76.97

27

10

100

0.1

6

455

80.24

81.66

8

11

55

0.1

4

250

78.01

76.21

25

12

55

1

4

250

85.03

88.12

5

13

100

0.1

2

75

54.93

56.25

15

14

100

0.1

6

75

81.77

82.44

7

15

10

0.55

4

250

80.20

87.41

14

16

55

0.55

4

250

98.89

91.82

18

17

10

0.1

2

455

56.30

55.30

13

18

10

1

2

75

76.50

74.48

17

19

55

0.55

4

250

98.87

91.82

12

20

10

0.1

2

75

64.20

64.01

29

21

100

1

2

75

81.56

81.57

19

22

10

1

6

455

73.60

72.03

10

23

55

0.55

2

250

79.91

80.56

9

24

100

1

2

455

87.55

88.41

4

25

55

0.55

4

75

88.30

93.56

24

26

55

0.55

4

250

88.01

91.82

21

27

100

0.1

2

455

61.64

62.40

30

28

55

0.55

4

455

87.20

89.77

1

29

55

0.55

6

250

97.47

98.11

2

30

55

0.55

4

250

98.96

91.82

while silicon is a metalloid however, the presence of
these counter ions on the surface of banana peel has
greatly influenced the adsorption process. Hence, ion
exchange is the major mechanism for the bio-sorption
of Pb(II) using banana peels.
Fourier Transform Infrared Ray Analysis
The FT-IR spectroscopy is a method used to
determine the organic structure and composition of
a material before and after adsorption study. It gives

data that helps to distinguish the unknown sample,
reveal the functional groups present in the sample and
ascertain that adsorption has really taken place. The
FT-IR of banana peel was done using KBr disk technique
which provided information on the functional groups
present in the sample. The FT-IR of banana peel used
in this study showed the presence of broad absorption
peaks at 3382.62 cm-1, which indicates the presence of
intermolecular bonded O-H group consisting of alcohols
and phenols. The peaks at 2918.92 cm-1, 2850.97 cm-1,
1441.94 cm-1, 1374.74 cm-1 and 887.26 cm-1 indicate the
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presence of saturated C-H substitution bond which can
be likened to alkanes. The peaks at 1734.38 cm-1 and
1607.04 cm-1 indicate the presence of carboxylic C=O
bond and unsaturated C=C bond respectively which can
be attributed to aldehydes and ketones (Fig. 2). These
results were comparable to the reported findings, that
the bands at 3486-3286 cm-1 are as a result of O-H
stretching, 2920-2951 cm-1 represented C-H stretching
and 1730 cm-1 is attributed to C=O stretching [27] . The
peaks within the range 3600-2800 cm-1 were assigned
to O-H stretching while the peak at 1730 cm-1 indicated
C=O band [13]. The bands at 3905.88-2800 cm-1 are
attributed to O-H while 2928.13-1269.11 cm-1 indicated
C-H and C=O groups [33, 34]. After adsorption, there
was a significant shift in the peaks of the functional
groups. The peaks representing hydroxyl and carboxyl
groups were significantly modified; 3333.62 cm-1,
1607.04 cm-1, 1441.94 cm-1 and 1374.74 cm-1 peaks
before adsorption shifted respectively to 3331.64 cm-1,
1614.79 cm-1, 1374.4 cm-1 and 1319.8 cm-1. It is therefore
evident that banana peel has affinity for Pb(II) due to
the presence of certain functional groups which result
to substitution and exchange of ions during adsorption
process.

Batch Adsorption Study Using Central
Composite Design
The factorial experimental setup using 4
independent variables gave a total of 30 experimental
runs with percentage removal of Pb as the response
(Table 4). The experimental matrix consists of 16
factorial points, 8 axial points and 6 centre points. The
empirical connection between the percentage removal
of Pb and the independent variables as obtained from
quadratic model is expressed below;

% removal of Pb (coded model) = 91.86
+ 3.27A + 6.04B + 8.59C – 1.87D + 4.66AB
+ 0.65AC + 3.41AD – 4.00BC – 1.1BD
– 2.36CD – 0.6639A2 – 8.9B2 – 1.73C2 – 2.54D2

(3)

...where A is the initial concentration in ppm, B is the
adsorbent dosage in grams, C is the pH and D is the
particle size in microns. Equation (3) is written in the
form of coded factors. The coded equation is important
for identifying the relative impact of the factors by
comparing the factor coefficients.
In Table 4, the percentage removal of Pb predicted
from the quadratic model and the experimental
yield are presented. It can be deduced that there is
strong agreement between the predicted yield and
the experimental yield with little difference in the
percentage removal.

Analysis of Variance and Model Significant
The regression analysis of the data obtained and the
estimation of the coefficient of regression equation was
done using the design expert software. The validation of
the equations was done using statistical tests known as
the ANOVA (Analysis of variance). The ANOVA helps
to determine the significance of each variable and the
fitness of the model (Table 5). The ANOVA illustrated
that the regression model was significant with a low
probability (p˂0.0001) and Fisher’s value (10.48).
The p-value is a useful indicator for predicting the
significance of each of the parameters in the model.
The smaller the p-values, the more significant are the
parameters of the regression model [35]. Based on this
study, p-values showed that pH (C), Dosage (B) and

Fig. 3. Normal % probability plot against studentized residuals a) and predicted against actual values b).
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Table 5. Analysis of variance for quadratic model of the percentage removal of Pb.
Source

Sum of Squares

df

Mean Square

F-value

Model

4341.56

14

310.11

11.58

<0.0001

A-Concentration

192.19

1

192.19

7.18

0.0172

B-Adsorbent dosage

657.51

1

657.51

24.56

0.0002

C-pH

1326.83

1

1326.83

49.56

<0.0001

D-Particle size

62.87

1

62.87

2.35

0.1462

AB

347.45

1

347.45

12.98

0.0026

AC

6.76

1

6.76

0.2525

0.6226

AD

186.34

1

186.34

6.96

0.0186

BC

256.64

1

256.64

9.59

0.0074

BD

19.48

1

19.48

0.7274

0.4071

CD

89.09

1

89.09

3.33

0.0881

A²

1.14

1

1.14

0.0427

0.8391

B²

205.41

1

205.41

7.67

0.0143

C²

7.79

1

7.79

0.2910

0.5975

D²

16.52

1

16.52

0.6171

0.4444

Residual

401.60

15

26.77

Lack of Fit

229.48

10

22.95

0.6667

0.7267

not significant

Pure Error

172.11

5

34.42

Cor Total

4743.16

29

R 0.9153

Adj R

Pred. R2

Adeq Precision

Std. Dev

Mean

C.V %

0.8363

0.6862

12.1598

5.17

83.60

6.19

2

2

initial concentration (A) which have first order main
effect were significant as well as the interactions (AB,
BC, AD) and the quadratic term B2 as similarly reported
by other researchers [2, 35]. The p-value of particle size
was more than 0.05, which means that the particle size
does not have influence on the adsorption process.
Further still, the reliability of the model was
tested by determining the correlation coefficient (R 2).
Therefore, R 2 value was 0.9153 which implies good
relationship between the predicted and the experimental
values of percentage removal of Pb. Also, the predicted
R 2 (0.7319) and the adjusted R 2 (0.8394) are in
reasonable agreement since the difference is less than
0.2. Further still, the non-significant lack-of -fit at the
95% confidence level showed that the quadratic model
was useable for the process. The plot (Fig 3a) showed
the normal probability against the studentized residual
values. The residual plot approached a straight line
satisfying the normality assumption besides, the points
are evenly distributed on either side of the line which
signified the reliability of the model. Fig 3b) depicted
the plot of predicted and actual (experimental) values,
the removal efficiency of banana peels ranges from 55%
to 99% for Pb.

p-value
significant

Analysis of the Three-Dimensional (3D)
Plots of the Model
The 3D surface response plots are explained to give
more understanding on the effects of the operating
parameters and their interactions on the model response.
The 3D visual representations were obtained based on
the regression model comprising of the four independent
variables, two variables were held constant at the centre
point of each plot. The pH of the solution is a very
important parameter affecting the removal of heavy
metal from an aqueous solution. In this study, the pH
of the solution had a greater influence on the percentage
removal of Pb(II) in the solution. The experimental
results showed that the maximum removal of Pb(II) was
obtained at the pH between 4-5 with percentage removal
of 99.32%. The percentage removal of Pb(II) increased
with increasing pH from 2-6, similarly reported by
[35]. It was difficult to maintain the solution pH
above 5.5 as precipitation occurred. At highly acidic
medium, a lower percentage removal of Pb(II) was
observed which implies that the active sites of banana
peel were dominated by hydrogen, H+ and hydronium
ion, H3O+.
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Fig. 4a) showed the interactive effect of the
adsorbent dose and the concentration on the percentage
removal of Pb(II). An increase in the adsorbent dose
resulted in increasing percentage removal due the
increase in the active sites as well as the surface area of
the adsorbent. The plot shows that the maximum point
is within the experimental region. The adsorbent dose
of 0.55 g gave the highest percentage removal of Pb(II).
Fig 4b) showed the interactive effect between pH and
concentration on the percentage removal of Pb(II). It
can be deduced that the percentage removal increases
with increasing pH and initial concentration of Pb(II)
and the highest removal occurred at 100 mg/L. Also,
Fig 4c) showed the interaction between particle size and
concentration. The percentage removal of 91.09% was
obtained at constant adsorbent dose of 0.55 g and pH 4.
The interaction between particle size and concentration
was significant however some design points were above
predicted value.
Furthermore, Fig 4d) showed the interaction between
the pH and the adsorbent dosage. The curvature
illustrated that the maximum point is within the
experimental region while the contour plot underneath
shows the percentage removal at the maximum point.
Fig 4(e,f) depicted the interactions between particle size
and adsorbent dosage, and particle size and the solution
pH respectively. The contour plot shows the maximum
point is outside the experimental region. Also, some
design points were above the predicted value. The
particle size obtained for optimum condition 75 µm,
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Fig. 5. Pareto chart of model variables.

showed that fine powder exhibit high sorption capacity
as the surface area is larger.

Optimization of Operating Parameters
for the Bio-Sorption of Pb
The purpose of optimization is to find the values
of the operating parameters where the percentage
removal of Pb using banana peels is optimum. The
main aim is to maximize the efficacy of banana peels
for the removal of heavy metal ions to achieve highest
percentage removal efficiency. The centre points which
also stand for repeatability of some of the experiments
help to achieve the optimum point. Therefore, the
optimum conditions obtained were; initial concentration
100 mg/L, pH 5, adsorbent dosage 0.55 g and particle

Fig. 4. 3D surface plot of dependent variables interactive response; a) Concentration against adsorbent dosage b) concentration against
pH c) concentration against particle size d) adsorbent dosage against pH e) adsorbent dosage against particle size f) pH against particle
size.
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size 75 µm with percentage removal of 98.146%, while
the desirability gave 1.000.

mechanism. Therefore, ion exchange is the sorption
mechanism responsible for the adsorption of Pb(II).
Also, the surface structure of banana peel was
microporous which enhanced the sorption capacity.
Finally, natural banana peel is efficient and economical
for the treatment of Pb(II) contaminated water at low
concentrations. In addition, the usability of banana peel
for wastewater treatment can be an area of monetary
focus to stakeholders for managing the environment as
well as reduction of waste.

Analysis of Model Parameters Using
Pareto Chart
The pareto chart is the plot of the coefficient of
all the parameters represented in the model equation.
It shows the significance and effect of each parameter
in the model equation. In Fig 5., the quadratic term B2
has the highest coefficient value in the model equation.
Hence, the adsorbent dosage is highly significant in
the adsorption process. The percentage removal of Pb
(II) reached the peak with 0.55 g of adsorbent, further
increase in adsorbent dosage reduced the percentage
removal. The pH of the solution (C) is also a significant
parameter as the percentage removal of Pb (II)
increases with increase in pH. The percentage removal
of Pb (II) increases with increase in the concentration
of the solution. Hence, the concentration (A) is also
a significant parameter. The quadratic term D2 and
the interaction terms AB, AD, BC and CD are also
significant as increase or decrease of their coefficients
will influence the percentage removal of Pb. Finally,
the pareto chart has standardized effect value of
2.36 hence, any factor below the standardized value has
no significant effect.

Conclusion
The optimization of many variables has been one
of the major challenges in wastewater treatment plant
to meet the desired effluent discharge limits. This work
focused on the applicability of central composite design
(CCD) for the optimization of initial concentration, pH,
adsorbent dosage and particle size in a batch system for
the removal of Pb (II) from wastewater using banana
peel. The response surface design gave the optimum
condition; initial concentration of 100 mg/L, pH of 5,
adsorbent dosage of 0.55 g and particle size of 75 µm
with a percentage removal of 98.146%. The pH of the
solution and the adsorbent dosage had the greatest
influence on the adsorption process with the lowest
p-value. Also, the model predicted was adequate and
significant at 95% confidence level. The non-significant
lack-of-fit showed that the quadratic model obtained is
useful for batch adsorption process.
The FT-IR of banana peel consists of carboxyl
and hydroxyl groups which are essential sites for
metal sorption. This is also evident in the elemental
composition analysis; carbon has the highest percentage
followed by oxygen. At high pH value, the carboxylic
groups present in banana peel are deprotonated
thus enhancing the attraction of positively charged
metal ion in the solution. The reduction in the
percentage composition of potassium and silicon ions
on the surface of the banana peels after adsorption
suggests the influence of these ions on the adsorption
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