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ABSTRACT

A Box-Behnken design implementing response surface methodology was employed to investigate
the sludge generation and removal of pollutants from dye-based wastewater using Mucuna sloanei
seed powder (MSSP) in their natural form as biomass in the coagulation process. With color/total
suspended solids (CTSS) removal, chemical oxygen demand (COD) removal and sludge volume
index as the three responses, the three quadratic models of three variables including MSSP dosage,
solution pH and stirring time were developed. At the optimal conditions, the response recorded
for CTSS removal was 87.7% with 1.8 g/L dosage at solution pH 2 and 15 mins stirring time.
While COD removal was 91.69% with 1.8 g/L dosage at solution pH 6 and stirring time of 30 mins,
and maximum sludge of 104.3 mL/g was generated with 1.4 g/L dosage at pH 2 and stirring time
of 30mins. The use of MSSP thus exhibited great potential for dye-based wastewater treatment and
thus, contributes to the green environment.

Keyword: Experimental design; Colour/total suspended solids removal; Mucuna sloanei; Sludge

volume index; Dye-based wastewater

1. Introduction

The increasing population and consequent industrial
explosion are at its peak throughout the globe, particu-
larly in developing countries such as Nigeria. Increased
dye manufacturing has led to the proliferation of industrial
wastewater generation, particularly from textile indus-
tries, to satisfy the textile requirements of the population.
The primary cause of this wastewater generation is the
use of a large volume of water during processing, which
is accompanied by chemical complexes and particulate
elements in the effluent streams [1,2]. This large amount
of wastewater generally finds its way into our waterways
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like the Aba River in Abia State, Nigeria, with little or no
treatment. Local inhabitants rely on this river because of
their water source, and the treatment facilities are highly
restricted. Textile wastewater pollutants are usually pro-
duced from caustic soda, detergents, starch, wax, urea,
ammonia, pigments, and dyes that boost its biochem-
ical oxygen demand (BOD), chemical oxygen demand
(COD), solid content and toxicity [3]. The decomposition
of organic pollutants from dye materials can generate
toxic substances that are known to have mutagenic effects
and are not biodegradable due to their high molecular
mass and complex molecular structures [2,4,5].
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Removal of these pollutants requires the implementa-
tion of multiple treatment techniques, including membranes
separation, aerobic and anaerobic degradation with different
microorganisms, chemical oxidation, coagulation, floccula-
tion and reverse osmosis [6], chromatography, lime precip-
itation and modified bleaching sequence [7]. Coagulation
stands out as the most feasible primary treatment alternative
for removing pollutants from dye-based wastewater despite
the development of these techniques. This is due to its simple
application on-site, high efficiency of treatment, simplicity as
well as low cost of assembly and operation [1].

The coagulation process is achieved by adding a coagu-
lant to the wastewater in order to destabilize and neutralize
the color/colloid dispersion and the subsequent agglom-
eration of the resulting individual particles [1]. Chemical
coagulants such as ferric chloride; aluminum sulfate etc. have
been commonly used to remove a broad variety of wastewa-
ter pollutants [8]. However, there is an intrinsic disadvantage
in the brownish coloring of machinery by iron salts and sec-
ondary contamination issues connected with aluminum salts
[2,9]. Associated health issues such as human Alzheimer’s
disease [1,9], generation of large sludge volumes resulting
in enormous disposal costs and inefficiency of aluminum
salt in low-temperature waters [10] have been reported.

The search and use of biomass for wastewater treatment
have gained importance in reducing these established haz-
ards and increasing concern for environmental issues asso-
ciated with the use of conventional coagulants. Natural
biomass used for wastewater treatment is easily accessible,
environmentally friendly, efficient, secure for both humans
and animals and contributes to the green environment [1,2].
Natural materials such as Moringa oleifera, tannins, Detarium
microcarpum, etc. have been explored for the removal of pol-
lutants [1,11]. Wastewater treated with natural biomass using
a coagulation method does not pose a danger to biological
organisms as opposed to synthetic coagulants. The generated
sludge can be treated through biological means and used as
a soil conditioner [2].

The coagulation process is influenced by temperature,
solution pH, quality of wastewater, the concentration of
coagulants, and type of coagulant among other variables.
Optimizing these factors can significantly enhance the
effectiveness of the method. Apart from the time-consum-
ing nature of the conventional one factor at one time exper-
iments, it is not possible to obtain the exact option since
the interactions between variables are ignored. In devel-
oping the response surface methodology (RSM) jar test, a
three-factor Box-Behnken design (BBD) implementing RSM
using Design Expert 10.0 was used. The suggested RSM will
determine the effects and interactive impacts of individual
factors.

RSM, a collection of statistical principles was suggested
for developing experiment design models, assessing the
impacts of different factors and looking for optimum vari-
ables’” conditions. RSM also quantifies the relationship
between different measured responses and the essential
variables of input [2]. In the literature [1,2,9] there are reports
on the implementation of RSM for wastewater treatment
through coagulation with natural biomass. However, less
attention has been paid to optimizing the method of coag-
ulation using Mucuna sloanei seed powder (MSSP), in its

natural form as biomass for removing pollutants from dye-
based wastewater.

Mucuna sloanei is cultivated as a food crop in Nigeria.
Mucuna extract was used as bio-coagulant mainly in non-
dye-based wastewater and the shell as adsorbent [12] but
has little use in dye-based wastewater treatment, espe-
cially in its natural form. The objective of this study is to
optimize the process of coagulation and to investigate the
interactive influences of the experimental variables, includ-
ing solution pH, the dosage of MSSP and stirring time.
To this end, dye-based wastewater was selected as the target
wastewater to be treated using RSM-optimized coagula-
tion technique. COD, color/total suspended solids (CTSS)
removal from wastewater and sludge volume index (SVI)
have been selected as responses.

2. Materials and methods

The raw dye-based wastewater was gathered from the
textile plant in Aba, Nigeria. The grab sampling method was
used for wastewater collection. A plastic container of 25 L
was used to collect the samples and stored in the laboratory
at 4°C. The analytical grade was used for all reagents.

2.1. Characterization and chemical analysis of MSSP

Mucuna sloanei pods were purchased from Nduoru
Market in Ikwuano L.G.A of Abia State, Nigeria. The Mucuna
sloanei pods were cracked and seed removed. The seeds were
ground into a powder and sieved to obtain particle size in
the range of 60-500 nm for homogeneity and placed in a
container that was airtight. The proximate MSSP analysis
was based on standard methods [13] and presented in Table 1.
Using an infrared spectrometer (Agilent Technologies, USA)
with a resolution range of 4,000-650 cm™ and 30 scans at
8 cm™ with 16 background scans, Fourier-transform infra-
red spectroscopy (FTIR) spectra were acquired. A scanning
electron microscope (Phenom-World, MVE 016477830,
Netherlands) acquired the sample’s morphological features.

2.2. Characterization of dye-based wastewater

By standard methods [14], the characterization of dye-
based wastewater has been determined. The characterization
was carried out and presented in Table 2 at the National Soil,

Table 1
Proximate analysis results of biomass

S/no. Parameters MSSP
1. Moisture content (%) 8.46
2. Ash content (%) 2.84

3. Fat content (%) 10.40
4. Crude protein (%) 36.90
5. Carbohydrate (%) 35.28
6. Crude fibre (%) 14.60
7. Calorific value (KJ/Kg) 382.24
8. Dried moisture (%) 91.54
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Table 2
Characterization results of textile wastewater

S/no. Parameters Textile wastewater
1. pH 6.45

2. EC (pohms/cm) 392.16

3. SDP (mg/L) 5638.2

4. BOD (mg/L) 491.4

5. COD (mg/L) 920.15

6. TOC (mg/L) 588.10

7. Lead (mg/L) 0.049

8. Nickel (mg/L) 0.014

9. Chromium (mg/L) 0.0027

EC - electrical conductivity; SDP - solid/dissolved particle;
TOC - total organic carbon

Plant, Fertilizer and Water Laboratory, Umudike, Nigeria.
Mettler Toledo Delta 320 pH meter (UK), DDS-307 con-
ductivity meter (UK), and UNICO 1100 spectrophotometer
(China) were used to determine the solution pH, electrical
conductivity and CTSS.

2.3. Coagulation process

The coagulation process was performed using MSSP
0.2, 0.28 and 0.36 g in 200 mL dye-based wastewater at pH
2, 6 and 10 to give a concentration of 1.0, 1.4, and 1.8 g/L
of MSSP. Using 0.1 M sulphuric acid and 0.1 M sodium
hydroxide, respectively, pH adjustment was accomplished.
A modified jar test method (using a magnetic stirrer,

Table 3
BBD for COD, CTSS removal and SVI for textile wastewater

D-91126 Schwabach, MR Hei-Standard) was used with a
fast stirring of 2 min at 150 rpm and a slow agitation of 5,
15, and 30 min at 25 rpm. Before the agitation, the biomass
was added. The solution was carefully poured into a 250 mL
cylinder at the end of the slow stirring and allowed to set-
tle for 300 min. After settling, each cylinder’s supernatant
was used to evaluate CTSS and COD to determine their
level of removal. The rest of the supernatant was used by
conventional techniques to achieve SVI [14].

2.4. BBD of experiment

In developing the RSM jar test, BBD implementing RSM
from Design Expert 10.0 was used. BBD is a three-level
design of quantitative variables with all factors. The layout
varied over three levels each of the numerical variables; a
high (+ 1), low (-1) and mid (0). The experiment needed a
total of 17 runs (Table 3). The response factors represented
as Y were CTSS removal percentage, COD removal percent-
age, and SVI (mL/g). The chosen variables for the study
were the dosage of MSSP (X)), solution pH (X,) and stirring
time (X,). The range and concentrations used in the research
are provided in Table 4. This strategy is to fit a quadratic
polynomial equation model [2,9,15]:

k k k
y=by+ 36X + 36X +> > b XX, (1)
i1 i1 T

where y is the variable response to be modeled; X, and X: are
the independent variables influencing v, b, b, b, and b, the
offset terms, the i™ linear coefficient, the ii"™ quadratic coeffi-
cient and the ij'" interaction coefficient, respectively.

Run Coded Uncoded Responses

X, X, X, Dosage pH Stirring CTSS COD SVI

(g/L) time (min) removal removal

1. 1 0 1 1.8 6 30.0 44.8 91.69 47.55
2. 0 0 0 14 6 15.0 423 785 60.5
3. 1 0 -1 1.8 6 5.0 72.1 89.6 48.55
4. -1 1 0 1.0 10 15.0 11.9 57.68 37.5
5. 0 0 0 1.4 6 15.0 423 75.8 60.91
6. 0 -1 1 1.4 2 30.0 76.7 87.2 104.3
7. -1 0 1 1.0 6 30.0 47.9 80.6 45.4
8. -1 -1 0 1.0 15.0 28.0 67.89 88.4
9. 1 1 0 1.8 10 15.0 10.4 56.83 36.1
10. 0 0 0 1.4 6 15.0 51.1 77.4 61.5
11 0 -1 -1 1.4 2 5.0 59.0 64.81 101.22
12. 1 -1 0 1.8 2 15.0 87.7 86.6 101
13. -1 0 -1 1.0 6 5.0 441 74.08 374
14. 0 0 1.4 6 15.0 40.5 76.8 62.11
15. 0 1 1 14 10 30.0 11.1 50.2 36.8
16. 0 1 -1 14 10 5.0 185 63.5 36.5
17. 1 0 1 1.8 6 30.0 44.2 76.8 61.09
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Table 4
Experimental design levels of chosen variables

Variables Coded values levels

Coded level Lower limit (-1) Middle (0) Up Limit (+1)
Biomass dosage, X, (g/L) 1.0 14 1.8

pH, X, 2 6 10

Stirring time, X, (min) 5.0 15.0 30.0

3. Results and discussion
3.1. Characterization of MSSP

The results presented in Table 1 show a fairly high level
of crude protein that is similar to the literature accessible.
The literature available indicates that MSSP has crude pro-
tein of 25.65% [16], 22.7% [12], and while defatted MSSP
contains crude protein of 60.5% [17]. It has been noted that
crude protein is the active element for coagulation.

To make the greatest use of this biomass, it is essen-
tial to understand the nature and property of the biomass.
For the prediction of chemical interactions, peak shift
and intensity are essential in FTIR absorbance spectros-
copy. While peak shift indicates a change in a functional
group’s chemical environment, bandwidth appearance
and disappearance point at reactions involving the rele-
vant functional groups [2]. Fig. 1a shows the existence of
the polymeric-OH functional group at 3,268.9 cm™, methyl
C-H and methylene C-H asymmetric stretching group at
2,918.5 and 2,091.0 cm™ respectively. 1,986.7 cm™ could be
an indication of carboxylic ketone stretching [10,18], while
1,636.3; 1,543.1; 1,438.8 and 1,405.2 cm™ could be attributed
respectively to olefin, aromatic ring stretch, and methyl
asymmetric bends. It was possible to assign spectra 1,364.2;
1,252.4 and strong 1,002.7 cm™ to skeletal C-C vibration and
primary C-N stretch amine. For the attachment of colloidal
particles and some dissolved ions, the presence of OH, car-
boxyl stretching and other groups could serve as active sites
[2]. Fig. 1b, the sludge spectrum (biomass and coagulated
CTSS) showing peak shift around 2,800-3,300 cm™ band-
width may be due to shifts in the polymeric-OH group’s
chemical environment. Perhaps due to reactions involv-
ing carboxylic, olefin and aromatic groups could be the
presence of more bandwidth points between 0-1,800 cm™.
The result could not have been unconnected with the
presence of coagulated sludge-settling CTSS.

Biomass surface morphology was observed using scan-
ning electron microscopy (SEM) assessment. The aggre-
gated porous nature of MSSP with tender sought of tissues
was revealed by two magnifications of 200 and 1,000 pm
described in Fig. 2a. The surface morphology is similar to
those presented in the literature [12,19]. The observed nature
presents a potentially active site for the sticking of particles
during coagulation [20]. The sludge (biomass and coagu-
lated CTSS) morphology in two magnifications of 200 and
1,000 um obtained after coagulation shown in Fig. 2b shows
rough and irregular texture, which could be attributed to
the process of coagulation involving certain chemical reac-
tions, which breakdown the existing structure to allow floc
formation.

3.2. Response surface fitting by BBD

The three responses, Y, for CTSS removal (%), Y, for
COD removal (%) and Y, for SVI (mL/g) were associated
with three variables, MSSP dosage (X,), solution pH (X))
and stirring time (X,), using the quadratic polynomial equa-
tion as described in Eq. (1). The models of second-order
regression from the experimental data were displayed in

Egs. (2)-(4).

Y, (CTS Sremoval ) = 44.080 +12.600X, —13.590X, + 4.990X, —
19.730X,X, —7.780X, X, —19.550X, X, + 2.580X> —
21.590X? +5.560X> @)

Y, (COD removal) =77.060 +5.560X, —9.790X, +2.210X, —
4.890X,X, -1.110X,X, —8.920X,, + 3.880X} —13.690X; +
3.050X? @)

Y, (SVI) =61.220 + 3.060X, —31.000X, +1.300X, —3.500X,, —
2.250X,X, -0.700X, X, - 10.230)(12 + 14.750X§ - 6.27OX§

4)
where X, X, and X, are the dosage of MSSP, solution pH,
and stirring time. The one-factor coefficient represents the
effect of the specific variable, whereas the two-factor coef-
ficient and the second-order coefficient represent the inter-
action between the two variables and the quadratic impact.
A positive sign before the conditions is synergistic, while
a negative sign is an antagonistic effect [2,15]. Following

removal of non-significant interaction terms as shown in
Table 5, Egs. (5)—(7) have been produced.

Y, (CTS Sremoval ) = 44.080 +12.600X, —13.590X, —
19.730 X, X, —21.590X? (5)

Y, (COD removal) = 77.060 + 5.560 X, —9.790X, + 2.210X, -
4.890X,X, —1.110X, X, +3.880X> —13.690X + 3.050X>

(6)

Y, (SVI) =61.220 + 3.060X, — 31.000X, —3.500X X, —
10.230X? +14.750X? — 6.270X? )
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Fig. 1. FTIR spectra of (a) Luffa cylindrica seed powder and (b) sludge (biomass and coagulated CTSS).

3.3. Model adequacy

Model summary statistics and analysis of variance
(ANOVA) were used to determine the adequacy of the model
to identify the factors influencing the variables of response
and thus to determine the most significant parameters. In
Tables 5 and 6, these are presented. Table 6 p-value for CTSS
removal was 0.0248, while for the selected model the COD
removal and SVI value were lower than 0.001. Considering
the CTSS removal response (Y)), it is clear that the linear
terms for MSSP dosage (X)) and solution pH (X,) have a
moderate effect on the removal of the dye as indicated by
their F-values of 6.64 and 7.72 respectively, while the stir-
ring time factor (X,) has a negligible effect due to the low
F-value of 1.04. Given the negligible effect of (X,), the qua-
dratic term (X32) showed an insignificant effect, while that
of pH (X2) revealed its dominance with an F-value of 10.27.
The interaction terms X X, and X, X, showed a relatively high

impact on the removal of dye with F-values of 8.14 and 7.99,
respectively.

Likewise, for the COD removal response, the solution pH
factor (X,) for linear, quadratic (X?) and the interaction term
(X,X,) showed a dominant effect with very high F-values
of 386.96, 398.41 and 160.83, respectively. Furthermore,
the linear term for MSSP dosage (X)), the quadratic term
of stirring time (X?) and the interaction term (X X,) sug-
gested significant effects. Similarly, the linear terms (X))
and (X,) suggested significant effects for SVI response,
while (X;) showed relatively no effect with a p-value above
0.34. The interaction terms X X, and X, X, have a negligible
impact on sludge generation.

The model summary statistics showed determination
coefficient R?, 0.8616, 0.9941 and 0.9960 respectively for CTSS,
COD removal and SVI. This means that the independent vari-
ables explained 88.29%, 99.12% and 99.46% of the variation
for CTSS, COD removal and SVI and also implied that the



P. Nnaji et al. / Desalination and Water Treatment 198 (2020) 396406 401

Fig. 2. SEM micrograph of the (a) biomass and, (b) sludge (biomass and coagulated CTSS) (magnification 200x, top and 1,000%, bot-

tom).

empirical models could not explain 13.84%, 0.59%, and 0.40%
of their variations respectively. The elevated R?values stated
that the model was well fitted to the response [9]. From the
results, it can also be seen that the experimental data shows
a desirable and acceptable agreement with the proximity of
the R? to the adjusted R® This proximity suggests that the
quadratic models were modified satisfactorily to experimen-
tal data as observed with COD removal and SVI responses
with the difference between R? and the adjusted R? reported
respectively as 0.0076 and 0.0052 [9,15]. However, a signif-
icant gap between R? and the adjusted R* shows the pres-
ence of insignificant terms and/or moderate effects of factors
on the response variables as observed with CTSS response
with a difference between R? and the adjusted R? recorded as
0.1780 [21,22].

Due to the moderate and high F-value of 4.84 and 130.7
for CTSS and COD removal, and 193.36 for SVI, the second-
order regression for CTSS and COD removal efficiency shows
that the models were significant. Similarly, for quadratic
regression models, the p-value that provides an indication

of the significance of a model in relation to the F-value was
less than 0.05. This indicated that for a confidence level of
95%, the models were statistically significant, meaning that
there is only a 5% chance that the F-value was due to noise.
The model is not significant if the p-value is above 0.1 [9].

3.4. Process analysis

Table 5 explains the linear (X,, X,, X,), quadratic (X3, X2,
X2) and interaction (X,X,, X, X,, X, X,) effects of the parame-
ters. The response, Y, revealed that X,, X,, X2, and X X, are
meaningful terms with p < 0.05, whereas X, X2, X2 and X, X,
are not meaningful terms. Similarly, Y, and Y, responses to
contain significant terms of X, X,, X, X2, X2, X2, X X X X,
and X, X,, X2, X2, X2, X X,. Although non-significant terms
are X, X, and X,, X, X, X X, respectively. For Y|, Y,, and Y,
respectively, the lack of fit F-values of 0.1148, 0.1345 and
0.1130 implies that the lack of fits is not significant compared
to the pure error. Only 13.84%, 0.59% and 0.40% respectively

for Y, Y, and Y,, are likely to occur due to noise for the lack
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ANOVA results for three responses (Y,, Y,, and Y,)
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Response Source Sum of squares  Degree of freedom  Mean square  F-value  Prob>F  Remark
Y, (CTSS) % Model 8,331.64 9 925.74 4.84 0.0248 Suggested
Linear X, 1,270.58 1 1,270.6 6.64 0.0366
X, 1,476.42 1 1,476.4 7.72 0.0274
X, 199.00 1 199.00 1.04 0.3416
Pure quadratic Xz 28.08 1 28.08 0.15 0.7129
X2 1,963.10 1 1,963.1 10.27 0.0150
X2 130.28 1 130.28 0.68 0.4364
Interaction XX, 1,557.09 1 1,557.1 8.14 0.0246
XX, 241.80 1 241.80 1.26 0.2979
XX, 1,528.81 1 1,528.8 7.99 0.0255
Residual 1,338.68 7 191.24
Lack of fit ~ 1,270.23 3 423.41 24.74 0.1148 Not significant
Pure error  68.45 4 17.11
Cor. Total 9,670.32 16
Y, (COD) % Model 2,329.12 9 258.79 130.71 <0.0001 Suggested
Linear X, 247.20 1 247.20 124.85 <0.0001
X, 766.17 1 766.17 386.96 <0.0001
X, 39.16 1 39.16 19.78 0.0030
Pure quadratic Xz 63.31 1 63.31 31.97 0.0008
X2 788.83 1 788.83 398.41 <0.0001
X2 89.30 1 39.30 19.85 0.0030
Interaction XX, 95.65 1 95.65 48.31 0.0002
XX, 491 1 491 248 0.1595
XX, 318.44 1 318.44 160.83 <0.0001
Residual 13.86 7 1.98
Lack of fit ~ 9.95 3 3.32 3.39 0.1345 Not significant
Pure error 391 4 0.98
Cor. Total 2,342.98 16
Y, (SV]) Model 9,295.94 9 1,032.9 193.36 <0.0001 Suggested
Linear X, 75.03 1 75.03 14.05 0.0072
X, 7,689.24 1 7,689.2 1,439.42  <0.0001
X, 13.47 1 13.47 2.52 0.1563
Pure quadratic Xz 440.30 1 440.30 82.42 <0.0001
X2 916.55 1 916.55 171.58 <0.0001
X2 165.58 1 165.58 31.00 0.0008
Interaction XX, 49.00 1 49.00 9.17 0.0192
XX, 20.25 1 20.25 3.79 0.0926
XX, 1.93 1 1.93 0.36 0.5665
Residual 37.39 7 5.34
Lack of fit ~ 35.89 3 11.96 31.86 0.1130 Not significant
Pure error  1.50 4 0.38
Cor. Total 9,333.34 16

of fit F-values this large. There is a good non-significant lack

of fit, the model must fit.

3.5. Effect of variables on CTSS removal efficiency (Y,)

Fig. 3a shows the effect of MSSP dosage and solution
pH factors on removing CTSS applying one factor at a time

method. The plot in Fig. 4 shows the individual effect on the
percentage of CTSS removal of MSSP dosage, solution pH
and stirring time applying a total of 17 BBD of three vari-
ables; MSSP dosage (X)), solution pH (X)) and stirring time
(X;,) as shown in Table 3.

Fig. 3a indicates that CTSS removal efficiency has
greater performance at pH 2 with 1.4 g/L optimum dosage
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Table 6
Model summary statistics for three responses (Y, Y,, and Y))
Response Source F-value Prob>F Standard R? Adj. R? Press Remark
deviation
Y, (CTSS) % Linear 1.90 0.1797 22.74 0.3046 0.1442 13,816.6
2F1 3.27 0.0676 18.43 0.6488 0.4380 16,373.9
Quadratic 3.59 0.0744 13.83 0.8616 0.6836 20,430.6 Suggested
Cubic 2474 0.0048 4.14 0.9929 0.9717 Aliased
Y, (COD) % Linear 3.53 0.0454 9.96 0.4492 0.3221 2,648.76
2F1 1.63 0.2500 9.34 0.6281 0.4049 4,259.13
Quadratic 144.38 <0.0001 1.41 0.9941 0.9865 165.28 Suggested
Cubic 3.39 0.1345 0.99 0.9983 0.9933 Aliased
Y, (SVI) Linear 21.67 <0.0001 10.94 0.8333 0.7949 3,251.57
2FI 0.16 0.9209 12.18 0.8410 0.7455 7,607.09
Quadratic 90.29 <0.0001 231 0.9960 0.9908 576.61 Suggested
Cubic 31.86 0.0030 0.61 0.9998 0.9994 Aliased
m0.5mg/L m1.0mg/L m1.2mg/L m0.5mg/L ®10mg/L  m1.2mg/L m1.0g/L m12g/L m1.4g/L
= 1.4mg/L m1.6mg/L m1l4mg/L  m1.6mg/L m1.6g/L m138g/L
_ 100 100
_ 9% S
S 3 90 = 80
£ & 80 £
x 70 [a) — 40
0 o 2
£ 60 o 70 @ 50
() X 0
= 50 ” 2 4 8 10
a) b) ©)
Fig. 3. One factor at a time plots of (a) % CTSS removal, (b) % COD removal, and (c) SVI (mL/g) vs. pH.
Colour/TSS Removal (%) . Colour/TSs Removal (%) . Colour/TSS Removal (%)

C: Stirring time
C: Stirring time

-1 05 0 05 1 - 05 0 05 1

49 62 A: Dosage A: Dosage B:pH
1

a) b) ©)

Fig. 4. Contour plots of CTSS removal from dye-based wastewater (a) dosage vs. pH, (b) stirring time vs. dosage, and (c) stirring
time vs. pH.
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yielding >80% CTSS removal, pH 6 and 8 showed high per-
formance giving >70% CTSS removal at 1.0 g/L and 1.4 g/L
MSSP dosage, respectively. It’s clear from the figure that
MSSP performed better at lower pH values. This is con-
sistent with some coagulation research, which showed
improved natural coagulant efficiency at lower pH values
[1,9,11,23]. This could be due to better reaction conditions
at lower pH levels for specific coagulation reactions involv-
ing the bio-coagulant natural polymer and dye-based
wastewater. The reaction gave rise to the rapid coagulation
in solution pH 2 occasioned by instant charge destabiliza-
tion and neutralization [1,9,23]. The contour plot (2D) in
Fig. 4 shows the optimum pH 2, 1.8 g/L dosage and 30 min
stirring time. These optimum points are clearly shown by
the orange to red shades as indicated by the legend. The
considerable curvature in the contour curves implies the
interdependence of these three factors [24]. For the contour
plot of solution pH and MSSP dosage, however, the cur-
vature is more pronounced, indicating them as dominant
factors.

3.6. Effect of variables on COD removal efficiency (Y,)

Fig. 3b shows the effect of two individual factors; MSSP
dosage and solution pH on COD removal applying one fac-
tor at a time. From the figure, a drop in COD removal from
pH 2 to pH 10 was observed with an optimal condition at
1.2 g/L MSSP dosage yielding >90% COD removal. Fig. 5
shows the individual effect of MSSP dosage, solution pH,
and stirring time on COD removal applying a total of 17
BB-design of these three variables. After 30 min of stirring
time, the contour chart stated optimum points at pH 6 and
dosage 1.8 g/L. This is indicated by the red shade in the con-
tour plot. The fair curvature in the contour curve shows the
interdependence of the three factors. Furthermore, in order
to clearly see the interpretation of the effects of independent

COD Removal (%)

COD Removal (%)

variables, the Pareto analysis is conducted on the basis
of Eq. (8) and is graphically illustrated in Fig. 6 [24].

b? ,
Pi:(ZZZ}JOO(liO) ®)

i

From the graph, pH is the most critical variable for
removing COD from dye-based wastewater with an effect
of 90.7%. The dominant effect of solution pH is further
demonstrated by the 98.11% interactive effect of pH x pH,
while the dosage x stirring time is 91.7%. Dominant solution
pH effect may be attributed to better coagulation reactions
induced by lower pH value, while high dosage x stirring
time interaction is due to higher charge neutralization and
destabilization, and consequent aggregation.

3.7. Effect of variables on SVI(Y))

Similarly, the effect of two individual MSSP dosage and
solution pH variables on SVI applying standard one fac-
tor at a time shown in Fig. 3c shows comparable trends as
in the removal of COD. The contour plot applying 17 BBD
of three variables; MSSP dosage, solution pH and stirring
time shown in Fig. 7 show sensible quadratic curvature
in the contour curve of pH-dosage and pH-stirring time
as reflected by the red shades. This is a clear sign of the
variables’ interdependence and positive interaction [25].
However, though the contour curve of dosage-stirring
time showed a sensible curve, it does not reflect the posi-
tive interaction of the variables as indicated by blue shades
based on the contour legend.

4. Conclusion

The MSSP spectrum disclosed waveform with peaks of
complicated polysaccharides features. Further assessment

COD Removal (%)

&0l

C: Stirring time
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Fig. 5. Contour plots of COD removal from dye-based wastewater (a) dosage vs. pH, (b) stirring time vs. dosage, and (c) stirring

time vs. pH.
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Fig. 6. Pareto graph of coagulation of dye-based wastewater indicating the percentage effect of each factor.
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Fig. 7. Contour plots of SVI for dye-based wastewater (a) dosage vs. pH, (b) stirring time vs. dosage, and (c) stirring time vs. pH.

showed a compound with aggregated porous nature with
tender sought of tissues. To study the real applicability of
MSSP as natural biomass, BBD implementing RSM optimi-
zation was conducted. ANOVA disclosed the data fit the
quadratic model and the concentration of MSSP showed
important effectiveness in removing CTSS and COD. The
effect of MSSP dosage in sludge generation was also stated
by ANOVA.

The best condition for dye-based wastewater treatment
was 1.8 g/L MSSP, solution pH 2 and 15 min, yielding 87.7%
removal of CTSS; 1.8 g/ MSSP, pH 6 and 30 min yielding
91.69% removal of COD; and 1.4 g/L MSSP, pH 2 and 30 min
yielding 104.3 mL/g SVI. In conclusion, the results obtained
indicated that MSSP has a strong potential for the treatment
of dye-based wastewater via the coagulation technique.
This treatment will be achieved at low-cost and will contrib-
ute to the green environment.
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