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Abstract

This study investigated the application of soft computing models [Artificial neural network (ANN) and Adaptive neuro-fuzzy
inference system (ANFIS)] in removing heavy metals [chromium (VI), vanadium (V) and iron (II)] from textile wastewa-
ter using Luffa cylindrica activated carbon (LAC). The effect of pH, contact time and adsorbent dosage on the adsorptive
potential of the prepared LAC were determined using a batch mode experiment. Fourier Transform Infrared Spectroscopy
and scanning electron micrograph assessed the potential of the adsorbent in this study. ANN and ANFIS were evaluated
using the coefficient of determination (R?) and mean square error (MSE). The result showed that the models demonstrated
significant predictive behavior with R? (9.9999E—1), MSE (5.985E—14) for chromium(VI) removal, R (9.9999E—1), MSE
(2.33856E—13) for iron(II) removal and R* (9.9999E—1), MSE (7.22197E—12) for vanadium(V) removal for ANN, while
ANFIS predicted R? (0.76305), MSE (0.037105) for chromium(VI) removal, R? (0.67652), MSE (0.846) for iron(I) removal,
R? (0.22673), MSE (0.65925) for vanadium(V) removal. Sensitivity analysis carried out with ANFIS (exhaustive search)
indicated that the parameters (time, pH and adsorbent dosage) significantly impact the heavy metal removal. Thus, this study
shows that ANN and ANFIS are reliable tools for modelling heavy metal removal using LAC. The parameter results obtained
are relevant in process design and control.
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Introduction health, animal, and plants. Furthermore, heavy metals pose

a significant threat attributed to their capability of accumu-

Over the years, the increase in industrialization has adversely
affected the environment. For example, excessive heavy
metal levels get discharged into the atmosphere by releasing
effluents from industries, leading to underground and open
water bodies (Nwosu-obieogu et al. 2021, 2020a).

Toxic metals such as vanadium (V), chromium (Cr)
depict as extremely dangerous even at trace levels on human
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lating in human systems and their non-biodegradability;
hence, developing activated carbon from agro-wastes for
wastewater adsorption has proven to be an attractive and
reliable method due to high efficiency, more economical,
easy handling, cost-effectiveness and availability of biomass
(Gebriesadik et al. 2017; Mojiri et al. 2017).

Luffa cylindrica belongs to the family Curcurbitaceae,
grown across Asia, Latin America, Africa, an inedible plant,
and cellulosic, hence a good choice for the adsorbent. (Sau-
eprasea et al. 2010; Demir et al.2008).

Several researchers have reported adsorption using LAC
to be effective in heavy metals removal from industrial efflu-
ents; thus, the removal of Pb2* in water, removal of divalent
metals, methylene blue dye, cyanide ions, cadmium ions,
common laboratory dye and adsorption of brilliant green
from aqueous solutions have been reported by Adewuyi
and Pereira (2017), Oboh et al. (2011), Demir et al. (2008),
Arana et al. (2017), Lindino et al. (2014), Calciedo et al.
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(2018) and Segun et al. (2014). Furthermore, Nwosu-obie-
ogu et al. (2021) reported iron (II) adsorption from textile
wastewater using LAC. Therefore, applying modelling in the
adsorption process will enhance the relationship between
parameters and responses, also, it can evaluate and forecast
system behaviours (Oke et al. 2021).

Electro-Fenton technique, an advanced oxidation process,
was applied in the removal of dimethyl phthalate from land-
fills leachate and the removal of 2,4-Dichlorophenoxyacetic
acid (2,4-DPAA) from agricultural wastewater; response
surface methodology (RSM) was employed to model and
optimize the developed process for landfill leachate, the
removal efficiency of 99.1% was obtained with optimal val-
ues of 4 mg/1 of initial dimethyl phthalate concentration,
50 mM, Na,SO,, 600uL/l1 H,0,, 8 min electrolytic time,
solution pH 3 and 6 mA cm™2 current density for the pro-
cess variables. In another study, the removal rate of 99.2%
was achieved at a solution pH of 3, the initial 2,4-DPAA
concentration of 2.6 mg/l, H,0, dosage of 470 pL/l, current
density of 3.5 mA cm~2 and reaction time of 7.5 min for
agricultural wastewater (Dolatabadi et al. 2021a, 2021Db).
Dolatabadi et al. 2021c et al. successfully removed acetami-
prid from groundwater samples using pistachio shell-based
modified activated carbon, the maximum removal efficiency
of 98.6% was obtained at the optimal condition of the ATP
concentration of 10 mg/l, solution pH of 6.5, the contact
time of 23 min, and adsorbent dosage of 300 mg/1.

The use of soft computing techniques such as ANN and
ANFIS is applied in modelling the relationship between the
dependent and independent variables (Nwosu-Obieogu et al.
2020b; Ojediran et al.2020). ANN is a modelling approach
based on the brain's neural structure; they are generally used
to model and optimize a complex process. (Onoji et al. 2017;
Sirohi et al. 2020; Rivera et al. 2010). Thus, it analyses com-
plex variables to form deterministic equations (Kose 2008).

ANFIS combines ANN and fuzzy logic to predict the
behaviour of variables, improve error tolerance, adaptive-
ness and speed of the process (Roy et al. 2019; Uzuner and
Cekmecelloglu 2016; Nwosu-Obieogu et al. 2020b; Oke
et al. 2020). Nevertheless, the determination of the optimum
size of the model and the permanence in local minima has
been the significant disadvantage of the ANN and ANFIS
approach (Mehrabpour et al.2018; Onu et al.2021; Yaqub
et al. 2020). Previous researchers have investigated the use
of ANN and ANFIS in predicting the adsorption process:
Dolatabadi et al. (2020) successfully indicated the removal
efficiency of tetracycline from an aqueous solution using
ANN and ANFIS. Souza et al. (2018) compared ANN and
ANFIS in modelling nickel adsorption using agrowastes, and
the models predicted the process efficiently. Nasir et al. 2017
modelled cadmium(II) biosorption using rice straw using
ANN and ANFIS, and the models had an outstanding per-
formance in predicting the removal efficiency.
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Nevertheless, the literature has not reported soft comput-
ing prediction or a comparative study of ANN and ANFIS
models for predicting heavy metal removal using LAC. Luffa
cylindrica was chosen for the activated carbon preparation
because it is an underutilized material that constitutes a
menace to the environment; hence this work will add value
to LAC; also, there has been sparse reports on the removal of
vanadium(V) from textile wastewater. Therefore, this work
bridges the existing gap in the literature by applying ANN
and ANFIS in predicting chromium (VI), vanadium (V) and
iron (II) removal from textile wastewater using LAC.

Materials and methods
Preparation of activated carbon

Luffa sponge was obtained from nearby bushes, washed with
distilled water to remove the dust particles, sun-dried and
further oven-dried at 100 °C for 24 h. After that, grounded
and impregnated with sodium hydroxide solution (60%)
and stirred vigorously using a magnetic stirrer at room tem-
perature for 4 h. The mixture was filtered and oven-dried
at 110 °C for 24 h. The dried sample was carbonized in a
furnace for 4 h at 700 °C in the presence of nitrogen gas
flowing at a heating rate of 10 °C/min. The activated carbon
developed was screened to 100 pm micrometres, washed
by pouring distilled water on the LAC until the pH of the
filtrate reached 7. The activated carbon was dried in an oven
at 110 °C for 4 h and cooled to room temperature.

Adsorbent characterization

For functional group determination, LAC was character-
ized using FTIR (PerkinElmer Spectrum one v3.02 FT-IR
Spectrometer, India). The surface morphology was deter-
mined using scanning electron microscope SEM (HITACHI
S-5500, Japan).

Batch adsorption studies

0.2 g of LAC was poured into 100 ml of the effluent in
250 cm® Erlenmeyer flask, agitated at 100 rpm using a
mechanical shaker for 10 min to attain equilibrium, then
10 ml of the solution was further centrifuged for 5 min at
4500 rpm; the filtrate was analysed to determine the concen-
trations of heavy metal using an Atomic Absorption Spec-
trophotometer (MODEL: AA-700).

ANN model development

Artificial neural network (ANN) modelling of the adsorption
process was developed using the neural fitting toolbox of
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Fig. 1 ANN structure
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MATLAB R2014b (Mathworks Inc., Natick, MA, USA) as
shown in Fig. 1. The architecture consists of an input layer
(pH, time and adsorbent's dosage), an output layer (per-
centage removal efficiency) and a hidden layer. The data
set obtained from the adsorption process was divided into
(training, validation and testing) with 70%, 15% and 15%. To
determine the best algorithm for the prediction, MSE and R?
were used as the statistical criteria to assess the algorithm's
performance (Uzuner and Cekmecelloglu 2016; Masoudi
et al. 2018; Nwosu-Obieogu et al. 2020b).

ANFIS model development

A multi-input single-output (MISO) fuzzy model was
developed for percentage removal efficiency prediction for
adsorption of heavy metal from textile wastewater using
LAC by considering three input variables (pH, time and
adsorbent’s dosage) and one output variable (percentage
removal efficiency). The model's architecture is given in
Fig. 2, which comprises five layers: fuzzification, product,
rule, defuzzification and output summation layers using
the Takagi—Sugeno fuzzy system (Rezakazemi et al. 2017;
Ausati and Amanollahi 2016; Ojediran et al. 2020):

Fig.2 ANFIS structure Input

Inputmf

Performance evaluation of the developed models

The assessment of the model for the adsorption process
prediction was determined using the statistical parameters
presented as follows:

(Mean square error) MSE =
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d, and o, represent the desired and calculated outputs,
respectively. The closeness of the MSE value to zero and
the R? value to one depicts the models' efficiency (Oke et al.
2018; Li et al. 2013).
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Results and discussion
FTIR analysis

FT-IR spectrum of the LAC (before adsorption) in Fig. 3
shows that the broad peak at 3652.8 cm™" is ascribed to the
O—H group's stretching due to hydrogen bonding of alco-
hols or phenols. The peak at 1994.1 cm™ is assigned to car-
bonyl stretching of the aldehydes. The peak at 2896.1 cm™"
was attributed to CH bond vibration stretching. The peaks
at 1215.1 cm™! are associated with the C=C stretching,
which occurred due to aromatic bands. The intense peak
at 879.7 cm™! is attributed to the C—O stretching of alco-
hol, the band at 674.6 cm™! indicates the C—I aromatic ring

formation, the FT-IR spectrum suggests that the surface
functional groups containing O,, which include the car-
boxyl groups and hydroxyl groups, influences the adsorption
characteristics of LAC; the FT-IR spectra of the adsorbent
after adsorption are presented in Fig. 4, the adsorption of the
heavy metal ions caused the intensity of the broad bands at
20985 cm™! for CH bond vibration stretching, 1379.1 cm™!
for C=C stretching and 1006.4 cm~! for C—O stretching of
alcohol to increase, this proves that the heavy metal ions
bonded with oxygen-containing functionalities on the adsor-
bent surface of LAC (Eletta et al.2019; Ullah et al. 2020).
A similar result was also reported for adsorption of lead(IT)
from aqueous solution using Africa elemi seed, mucuna
shell and oyster shell as adsorbents (Okolo et al. 2020) and
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Fig.5 SEM image of LAC
before adsorption

Fig.6 SEM image of LAC after
adsorption

adsorption of vanadium (V) from textile wastewater using
LAC (Nwosu-obieogu et al. 2021).

SEM analysis

The SEM image of LAC before adsorption in Fig. 5 shows
that LAC's surface is relatively smooth with a dense fibrous
structure; the surface morphology results from the developed
LAC. Figure 6 shows the SEM image of LAC after adsorp-
tion; it is evidenced that the formation of a layer results from
the heavy metal ions adsorbed on the surface and occupying
the cavities of LAC (Ullah et al. 2020). Similar surface mor-
phologies were observed by Nwosu-obieogu et al. (2020)
for adsorption of iron(Il) from textile wastewater by LAC.

ANFIS exhaustive search results
The (ANFIS) exhaustive search function in Matlab used root

mean square error (RMSE) as the parameter for assessing
the effect of single and interaction effects on the output.

variable ~ANFIS

Table 1 One-input
chromium(VI) removal

(exhaustive search) for

No of input  Input variable RMSE training RMSE checking
1 Time 0.0491 0.0497
1 pH 0.0496 0.0497
1 Adsorbent’s dosage 0.0486 0.0500

(Nwosu-Obieogu et al. 2020). The value of RMSE close to
zero ascertains the degree of predictability and reliability
of the model (Oke et al. 2020). Tables 1, 2, 3, 4, 5, and 6
show the impact of one and combined input variables in the
minimal training error. Table 1 shows that time had the most
significant effect with an RMSE of 0.0491 for chromium
(VI) removal; in contrast, an interaction effect between time
and mass had the most impact on removing chromium (VI)
from textile wastewater with an RMSE of 0.0470, as shown
in Table 2. For Table 3, the mass is the most effective as a
single variable for iron(II) removal with an RMSE of 1.3132.
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Table 2 Two-input variable ANFIS (exhaustive search) for chromium
(VI) removal

Table 7 Performance of different ANN models in estimating chro-
mium (VI) removal using LAC

No of input Input variable RMSE training RMSE checking Algorithm MSE R?
2 Time/pH 0.0481 0.0496 Levenberg—Marquardt 3.71146E—12 9.9999E—-1
2 Time/adsorbent’s 0.0470 0.0479 Bayesian regularization 5.9857E—-14 9.9999E—-1
dosage Scaled conjugate gradient 6.91233E-6 9.9868E—1
2 pH/ adsorbent’s 0.0484 0.0497 Trainrp 0.00014038 0.95741
dosage Traincgf 1.0074E—05 0.99183
Traincgp 3.8901E-6 0.99924
Table 3 One-input variable ANFIS (exhaustive search) for iron(Il) Traincgb 6.6142E-6 0.99909
removal Trainbfg 3.1093E—-6 0.99739
- - — - Trainoss 5.6062E—-5 0.94712
No of input Input variable RMSE training RMSE checking Traingd 0.0019173 073566
1 Time 1.3228 1.3688 Traingdx 0.0018882 0.84072
1 pH 1.3259 1.3673 Traingdm 0.00334 0.63064
1 Adsorbent’s dosage 1.3132 1.3855

Table 4 Two-input variable ANFIS (exhaustive search) for iron (II)
removal

No of input Input variable RMSE training  RMSE checking

2 Time/pH 1.3013 1.3409

2 Time/adsorbent’s 1.2981 1.3807
dosage

2 pH/adsorbent’s 1.3023 1.3740
dosage

Table 5 One-input variable ANFIS (exhaustive search) for vanadium
(V) removal

No of input  Input variable RMSE training RMSE checking
1 Time 1.0271 1.0152
1 pH 1.0284 1.0216
1 Adsorbent’s dosage 1.0272 1.0041

Table 6 Two-input variable ANFIS (exhaustive search) for vanadium
(V) removal

No of input Input variable RMSE training  RMSE checking

2 Time/pH 1.0271 1.0152

2 Time/adsorbent’s 1.0108 1.0216
dosage

2 pH/ adsorbent’s 1.0038 0.9863
dosage

In contrast, a combined variable of time and mass had
the most effect with the least RMSE of 1.2981 on iron (II)
removal from textile wastewater in Table 4. On the other
hand, time impacted vanadium (V) removal in Table 5
with an RMSE of 1.0271. At the same time, the best input
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combination for vanadium (V) removal from textile waste-
water in Table 6 is a combination of pH and mass with an
RMSE of 1.0038 these results confirm that the parameters
(time, pH and mass) have a significant impact on the removal
of heavy metals (chromium (VI), vanadium (V) and iron
(1)) from textile wastewater using LAC. This observation
is similar and followed the claim of previous investigations
from Oke et al. (2020) and Nwosu-obieogu et al. (2021).

ANN simulation results

The ANN-based model was developed based on the
feed-forward, back-propagation (BP) algorithms to pre-
dict the removal efficiency of chromium(VI), iron(II) and
vanadium(V) ions from textile wastewater using three
inputs: time, pH and adsorbent's dosage. One hundred and
eighty-one data sets used for ANN modelling were divided
randomly into three sets (training the network, validation of
the results and testing the network) with a ratio of 70%, 15%
and 15%. The hidden layer comprises ten neurons; As shown
in Tables 7, 8 and 9, the Bayesian regularization was the best
of the algorithms, having the smallest MSE of 5.9857E—14,
2.33856E—13 and 7.22197E—12 for chromium (VI), iron (II)
and vanadium(V), respectively. The variation of the MSE
with the number of training cycles (epochs) was presented in
Fig. 7, 8 and 9 below the minimal MSE shown in Tables 7,
8, and 9 were obtained at epoch 13 for chromium (VI), 684
for iron (II) and 156 for vanadium (V), after the maximum
cycles were attained, the training process was stopped
(Razmi-Rad et al. 2007; Uzuner and Cekmecelloglu 2016;
Oke et al. 2020). The effectiveness of the predictive ANN
model results for heavy metal adsorption using LAC is in
agreement with reports from Souza et al. 2018 on ANN and
ANFIS modelling for nickel adsorption onto agro-wastes
and commercial activated carbon and Nasr et al. (2017) on
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Table 8 Performance of different ANN models in estimation of iron
(II) removal using LAC

Algorithm MSE R?
Levenberg—Marquardt 2.4174E-11 9.9999E—-1
Bayesian regularization 2.33856E—13 9.9999E—-1
Scaled conjugate gradient 2.31599E-3 9.99352E—-1
Trainrp 0.026849 0.99591
Traincgf 0.012409 0.99924
Traincgp 0.0047672 0.99442
Traincgb 0.0005314 0.98712
Trainbfg 0.002032 0.99929
Trainoss 0.046912 0.99735
Traingd 0.0025047 0.997
Traingdx 2.5657 0.69974
Traingdm 17.1187 0.9598

Table 9 Performance of different ANN models in estimation of vana-
dium (V) removal using LAC

Algorithm MSE R?
Levenberg—Marquardt 3.428248E—11 9.9999E—-1
Bayesian regularization 7.22197E—-12 9.9999E—-1
Scaled conjugate gradient 0.067205 0.9789
Trainrp 0.0040005 0.99646
Traincgf 0.0028822 0.99607
Traincgp 0.047676 0.99778
Traincgb 0.0011412 0.99938
Trainbfg 0.00092076 0.99959
Trainoss 0.0017921 0.99903
Traingd 0.059858 0.99946
Traingdx 1.5599 0.65828
Traingdm 4.9694 0.11681

Best Training Performance is 5.9857e-14 at epoch 13

Train
Test

10-10

Mean Squared Error (mse)

13 Epochs

Fig.7 Mean squared error (ANN) for chromium(VI) removal

Best Training Performance is 2.3386e-13 at epoch 684
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Best Training Performance is 7.222e-12 at epoch 156
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Fig.9 Mean squared error (ANN) for vanadium(V) removal

artificial intelligence modelling of cadmium (II) biosorption
using rice straw.

ANFIS simulation results

One hundred and eighty-one data set were used for ANFIS
modelling, best ANFIS prediction for heavy metal adsorp-
tion using LAC was simulated at various input and out-
put membership functions (mf). The correlation coeffi-
cient (R2) and the mean square error (MSE) were used
to validate the model's predictiveness. Tables 10, 11
and 12 summarize the ANFIS results of different input
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Table 10 ANFIS model efficiency for chromium (VI) removal using
LAC

Input R? R? MSE (linear) MSE (constant)
membership  (linear) (constant)

function

Tri 0.59102 0.76305  0.037372 0.044597
Trap 0.42196 0.69148  0.038872 0.046152
Gbell 0.41961 0.61314  0.037572 0.044625
Gauss 0.45475 0.69956  0.037386 0.044836
Gauss2 0.40132 0.68493  0.037747 0.046296
Pi 0.4021 0.66994  0.047046 0.039877
Dsig 0.39118 0.65686  0.037106 0.046291
Psig 0.39161 0.65915  0.037105 0.046291

Table 11 ANFIS model efficiency for iron(II) removal using LAC

Input R? R? MSE (linear) MSE (constant)
membership  (linear) (constant)

function

Tri 0.32411 0.66188 0.9124 1.2615
Trap 0.25324 0.54123  1.1024 1.2489
Gbell 0.26442 0.49633  0.87505 1.2183
Gauss 0.26507 0.67652  0.846 1.2402
Gauss2 0.2701 0.38084 0.91656 1.2316
Pi 0.27109 0.30866  1.0928 1.251
Dsig 0.25724 0.26126  0.86398 1.2214
Psig 0.25743 0.26126  0.86449 1.2211

Table 12 ANFIS model efficiency for vanadium (V) removal using
LAC

Input R? R? MSE (linear) MSE (constant)
membership (linear)  (constant)

function

Tri 0.12046  0.22673  0.67113 0.95642
Trap 0.10893 0.21789  0.7388 0.9791
Gbell 0.10889 0.090812 0.67693 0.93036
Gauss 0.1135 0.022014  0.65925 0.94712
Gauss2 0.096688 0.042811 0.69749 0.95018
Pi 0.020363 0.020363 0.83002 0.98575
Dsig 0.097971 0.05069  0.6705 0.9443
Psig 0.097971 0.04964  0.67056 0.9445

membership function types; the highest R? (0.76305)
and minimum MSE (0.037105) were observed at trimf
and psigmf for chromium(VI) removal as highlighted in
Table 11, gaussmf gave a prediction of R*(0.67652) and
MSE(0.846) for iron(II) removal as shown in Table 12,
while an R?*(0.22673) and MSE(0.65925) was obtained
at trimf and gaussmf, respectively, for vanadium(V)
removal in Table 12; hence, the best prediction was

@ Springer
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obtained at chromium(VI) removal, this shows that the
ANFIS model is capable of predicting adsorption capac-
ity of chromium(VI) with high precision (Souza et al.,
2018). The results in Tables 11, 12 and 13 are validated in
Figs. 10, 11, and 12. The obtained result is similar to pre-
vious research of Ojediran et al. (2020), Oke et al. (2020)
and Nwosu-Obieogu et al. (2020b).
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ANN results compared with ANFIS

This study compared ANN and ANFIS results to evaluate
the model’s predicting ability for heavy metal removal from
textile wastewater using statistical metrics such as R* and
MSE. The coefficient of determination (R?) of ANN (0.99)
and ANFIS (0.76305) was close to 1, showing the agree-
ment between experimental and predicted results. Further-
more, it was noticed that both MSE of ANN (5.9857E—14)
and ANFIS (0.037105) were less than one. These results
showed the capability of the models in predicting heavy
metal removal from textile wastewater. Moreover, they pro-
vided an excellent measurement scale to assess the goodness
of the adjustment and ascertain the efficacy of progressive
approaches. However, the R* of ANN is higher than ANFIS;
also the MSE of ANN is lower than ANFIS; demonstrating
that ANN estimated the process better than ANFIS; this is
similar to the studies of Nwosu-Obieogu et al. (2020b), Oke
et al. (2020) and Uzuner and Cekmecelloglu (2016).

Conclusion

A batch experimental study was used to investigate the effect
of three parameters, time, pH and adsorbent's dosage, on
the adsorption of chromium (VI), vanadium (V) and iron
(IT) using LAC as adsorbent. A proposed ANN and ANFIS
model predicted the removal of heavy metals successfully.
The properties of LAC before and after adsorption were
studied by various techniques such as FTIR and SEM. The

FT-IR confirmed the functional groups, while the SEM pre-
sented the surface morphology of the LAC. ANFIS (sensi-
tivity analysis) showed that the process parameters (time, pH
and mass) significantly affect removing the heavy metals.
From the results, the ANFIS and ANN models relatively
predicted Cr(VI), Fe(II) and Vanadium(V) removal with
Bayesian regularization BP that gave MSE of (5.9857E—14),
(2.33856E—13) and (7.22197E—-12) for ANN, psigmf
showed MSE of (0.037105), gaussmf (0.67652) and trimf
(0.22673), respectively, for ANFIS. This study proved that
LAC is a low-cost alternative material for removing heavy
metals from textile wastewater. Hence, it is evidenced that
ANN and ANFIS are promising predicting technique that
can be used effectively to predict heavy metal removal from
textile wastewater using LAC.

Authors’ contribution Conceptualization and design of this study was
carried out by KN-O, material preparation, data collection and analysis
was done by GWD, and Precious Ehimogue, writing, review and edit-
ing of the manuscript was carried out by KN-O, UC and CL.

Funding The author(s) received no specific funding for this work.
Availability of data and material None.

Code availability None.

Declaration

Conflict of interest The author declares that they have no conflict of
interest statement.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Adewuyi A, Pereira FV (2017) Underutilized Luffa cylindrica sponge:
a local bio-adsorbent to remove Pb(II) pollutants from the water
system. Beni-Suef Univ J Basic Appl Sci 6:118-126

Arana J, Gonzalez S, Navarrete L, Caicedo O (2017) Luffa cylindrica
as a natural adsorbent of cyanide ion in aqueous medium. DYNA
84(201):210-215

Ausati S, Amanollahi J (2016) Assessing the accuracy of ANFIS,
EEMD-GRNN, PCR and MLR models in predicting PM2.5.
Atmos Environ 142:465-474

@ Springer


http://creativecommons.org/licenses/by/4.0/

52 Page100f 11

Applied Water Science (2022) 12:52

Box—Behnken design. Appl Water Sci 10:201

Caicedo O, Devia-Ramirez J, Malagén A (2018) Adsorption of com-
mon laboratory dyes using natural fibers from Luffa cylindrical.
J Chem Educ 95(12):2233-2237

Demir H, Top A, Balkése D, Ulkii S (2008) Dye adsorption behaviour
of Luffa cylindrica fibres. J Hazard Mater 153:389-394. https://
doi.org/10.1016/j.jhazmat.2007.08.070

Dolatabadi M, Mehrabpour M, Esfandyari M, Ahmadzadeh S (2020)
Adsorption of tetracycline antibiotic onto modified zeolite: experi-
mental investigation and modelling. Methods 7:100885

Dolatabadi M, Naidu H, Ahmadzadeh S (2021a) A green approach to
remove acetamiprid insecticide using pistachio shell-based modi-
fied activated carbon; economical groundwater treatment. J Clean
Prod 316:128226

Dolatabadi M, Swiergosz T, Ahmadzadeh S (2021b) Electro-Fenton
approach in oxidative degradation of dimethyl phthalate-the
treatment of aqueous leachate from landfills. Sci Total Environ
772:145323

Dolatabadi M, Taghighaneian M, Wang C, Ahmadzadeh S (2021c)
Electro-Fenton approach for highly efficient degradation of the
herbicide 2,4-dichlorophenoxyacetic acid from agricultural waste-
water: process optimization, kinetics and mechanism. J Mol Liq
334:11611

Eletta O, Adewoye L, Mustapha S, Adeniyi A, Ogunleye O, Alader-
okun O (2019) Modelling and optimization of oil extraction from
Loofah (Luffa cylindrica) seeds using a binary solvent mixture. J
Turk Chem Soc B 2:57-68

Gebretsadik H, Geb AK, Ridzuan ARM, Hamid NHA, Faraji H (2017)
Vanadium (V) removal from aqueous solutions using a new com-
posite adsorbent (BAZLSC): optimization by response surface
methodology. Adv Environ Res 6:173-187. https://doi.org/10.
12989/aer.2017.6.3.173

Kose E (2008) Modelling of colour perception of different age groups
using artificial neural networks. Expert Syst Appl 34:2129-2139

LiM, Fan L, Liu H, Guo P, Wu W (2013) A general model for estimat-
ing daily global solar radiation using air temperatures and site
geographic parameters in Southwest China. J Atmos Solar Terr
Phys 92:145-150

Lindino CA, Marciniak AA, Gongalves CA, Strey L (2014) Adsorp-
tion of cadmium in a vegetable sponge (Luffa cylindrica). Rev
Ambient Agua 9(2)

Maosudi S, Sima M, Tolouei-Rad M (2018) Comparative study of
ANN and ANFIS models for predicting temperature in machining.
J Eng Sci Technol 13:211-225

Mehrabpour M, Esfandyari M, Ahdadi H, Davoud M (2018) Model-
ling of simultaneous adsorption of dye and metal ion by sawdust
from aqueous solution using ANN ANFIS. Chemom Intell Lab
181:72-78

Mojiri A, Ahmad Z, Tajuddin RM et al (2017) Ammonia, phosphate,
phenol, and copper(Il) removal from aqueous solution by subsur-
face and surface flow constructed wetland. Environ Monit Assess
189:337. https://doi.org/10.1007/s10661-017-6052-x

Nasr M, Mahmoud AED, Fawzy M, Radwan A (2017) Artificial intel-
ligence modelling of cadmium(II) biosorption using rice straw.
Appl Water Sci 7:823-831

Nwosu-Obieogu K, Okolo BI (2020) Biosorption of Chromium (VI)
from textile wastewater using Luffa cylindrica activated carbon.
Environ Qual Manag 29(4):23-31

Nwosu-Obieogu K, Aguele F, Chiemenem LI (2020) Soft comput-
ing prediction of oil extraction from huracrepitan seeds. Kem Ind
69(12):653-658

Nwosu-Obieogu K, Dzarma G, Okolo BI, Akatobi K, Aguele F
(2021) Adsorption of Vanadium(V) from textile industry efflu-
ent using Luffa cylindrica activated carbon. kemiji u industriji
70(3-4):129-135

@ Springer

Nwosu-Obieogu K, Dzarma G, Okolo BI, Akatobi K (2022) Adsorp-
tion of Iron (II) from textile effluent using Luffa cylindrica.
Moroccan J Chem 10:1-10

Oboh OI (2018) Modelling the effect of dosage on the biosorption of
NiZ* ions onto Luffa cylindrica. J Mater Sci Appl 4(1):1-9

Oboh OI, Aluyor OE, Audu TOK (2011) Application of Luffa cylin-
drica in naturalform as biosorbent to removal of divalent metals
from aqueous solutions—Kkinetic and equilibrium study waste
water—treatment and reutilization, Fernando Sebastian Garcia
Einschlag. IntechOpen. https://doi.org/10.5772/16150

Ojediran OJ, Okonkwo CE, Adeyi AJ, Adeyi O, Olaniran FO, George
NE, Olayanju AT (2020) Drying characteristics of yam slices
(Dioscorea rotundata) in a convective hot air dryer: application
of ANFIS in the prediction of drying kinetics. Heliyon 6:¢03555

Oke EO, Dauda OA, Lukuman AJ, Jamiu AA (2018) Kinetics and
neuro-fuzzy soft computing modelling of river turbid water coag-
flocculation using mango (Mangifera indica) kernel coagulant.
Chem Eng Commun 31:1-14

Oke EM, Nwosu-Obieogu K, Okolo BI, Adeyi O, Ude UC (2021)
Hevea brasiliensis oil epoxidation: hybrid genetic algorithm-
neural fuzzy-Box Bhenken (GA-ANFIS-BB) modelling with sen-
sitivity and uncertainty analyses. Multiscale Multidiscip Model
Exp Des 1:1-15

Oke EO, Nwosu-Obieogu K, Ude CJ (2020) Experimental study and
exergy efficiency prediction of three-leaved yam (Dioscorea
dumoterum) starch drying. Int J Exergy 33(4):427-443

Okolo BI, Oke EO, Agu CM, Adeyi O, Nwosu-obieogu K, Akatobi
KN (2020) Adsorption of lead(I) from aqueous solution using
Africa elemi seed, mucuna shell and oyster shell as adsorbents
and optimization using Box Behnken Design

Onoji S, Iyuke S, Igbafe A, Daramola OM (2017) Hevea brasiliensis
(rubber seed) oil: modelling and optimization of extraction pro-
cess parameters using response surface methodology and artificial
neural network techniques. Biofuels 6:1-15

Onu CE, Nwabanne JT, Ohale PE, Adadu CO (2021) Comparative
analysis of RSM, ANN and ANFIS and the mechanistic model-
ling in eriochrome black-T dye adsorption using modified clay.
SAJCE 36:24-42

Razmi-Rad E, Ghanbarzadeh B, Mousavi SM, Emam-Djomeh Z,
Khazei J (2007) Prediction of rheological properties of Iranian
bread dough from the chemical composition of wheat flour by
using artificial neural networks. J Food Eng 81:728-734

Rezakazem M, Dashti A, Asghari AA (2017) H,-selective mixed
matrix membranes modelling using ANFIS, PSO-ANFIS, GA-
ANFIS. Int J Hydrogen Energy 42:15211-15225

Rivera EC, Rabelo SC, Garcia DR, Filho RM, da Costa AC (2010)
Enzymatic hydrolysis of sugarcane bagasse for bioethanol produc-
tion: determining optimal enzyme loading using neural networks.
J Chem Technol Biotechnol 85:983-992

Roy K, Mukherjee A, Jana KD (2019) Prediction of maximum oil yield
from almond seed in a chemical industry: a novel type-2 fuzzy
logic approach. SAJCE 29:1-9

Saueprasea P, Nuanjaraen M, Chinlapa M (2010) Biosorption of Lead
(Pb**) by Luffa cylindrica fibre. Environ Res J 4:157-166. https://
doi.org/10.3923/erj.2010.157.166

Segun Esan O, Oladoja NA, Olanrewaju O, Olumuyiwa CA, Medi-
nat OO (2014) Adsorption of Brilliant Green onto Luffa Cylin-
drica Sponge: equilibrium, kinetics, and thermodynamic stud-
ies. Hindawi Publishing Corporation ISRN Physical Chemistry,
Article ID 743532

Sirohi R, Pandey JP, Singh A, Sindhu R, Lohan VC, Goel R, Kumar A
(2020) Acid hydrolysis of damaged wheat grains: modeling the
formation of reducing sugars neural network approach. Ind Crops
Prod 149:112351

Souza PR, Dotto GL, Salau NPG (2018) Artificial neural network
(ANN) and adaptive neuro-fuzzy interference system (ANFIS)


https://doi.org/10.1016/j.jhazmat.2007.08.070
https://doi.org/10.1016/j.jhazmat.2007.08.070
https://doi.org/10.12989/aer.2017.6.3.173
https://doi.org/10.12989/aer.2017.6.3.173
https://doi.org/10.1007/s10661-017-6052-x
https://doi.org/10.5772/16150
https://doi.org/10.3923/erj.2010.157.166
https://doi.org/10.3923/erj.2010.157.166

Applied Water Science (2022) 12:52

Page110f 11 52

modelling for nickel adsorption onto agro-wastes and commercial
activated carbon. J Environ Chem Eng 6(6):7152-7160

Ullah M, Nazir R, Khan M, Khan W, Shah M, Afridi SG, Zada A
(2020) The effective removal of heavy metals from water by
activated carbon adsorbents Albizialebbeck and Melia azedarach
seed shells. Soil Water Res 15:30-37. https://doi.org/10.17221/
212/2018-SWR

Uzuner S, Cekemecehoglu D (2016) Comparison of artificial neural
networks (ANN) and adaptive neuro-fuzzy inference system
(ANFIS) models in simulating polygalacturonase production.
BioResources 11:8676-8685

Yaqub M, Eren B, Eyupoglu V (2020) Soft computing techniques in
predicting Cr(VI) removal efficiency of polymer inclusion mem-
branes. Environ Eng Res 25(3):418-425

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.17221/212/2018-SWR
https://doi.org/10.17221/212/2018-SWR

	Textile wastewater heavy metal removal using Luffa cylindrica activated carbon: an ANN and ANFIS predictive model evaluation
	Abstract
	Introduction
	Materials and methods
	Preparation of activated carbon
	Adsorbent characterization
	Batch adsorption studies
	ANN model development
	ANFIS model development
	Performance evaluation of the developed models

	Results and discussion
	FTIR analysis
	SEM analysis
	ANFIS exhaustive search results
	ANN simulation results
	ANFIS simulation results
	ANN results compared with ANFIS

	Conclusion
	References




