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Abstract

The uptake of Cd(ll) ions from simulated wastewatsto olive pips was modeled using artificial néuratwork
(ANN) which consisted of three layers. Based on 112 batch empets the effect of contact time (-240 min), initial
pH (2-6), initial concentration (2850 mg/l), biosorbent dosage (0-2 g/100 ml), agitation speed-250 rpm) and
temperature (20-60°C) were stedi The maximum uptake (2 %) of Cd(Il) was achieved at optimum parameter
60 min, 6, 50 mg/l, 1 g/100 ml, 250 rpm and 25°§pestively.

Tangent sigmoid and linear transfer functions of\fér hidden and output layers respectively withetirons wer:
sufficient to present good predictions for cadmitemoval efficiency with coefficient of correlaticequal to 0.99798.
The sensitivity analis for outputs of ANN signified that the relatiiaportance of initial pH equal to 38 % and it
the influential parameter in the treatment procédkywed by initial concentration, agitation spe&ibsorbent dosag

time and temperature.

Keywords: Neural network, Adsorptigrolive pips, Modeling, Equilibrium.

1. Introduction

One of the most widely and rapidly spreac
problems in the field of conservation &
protection of water resources is water pollus
with heavy metals. It is closely associated \
several human activities such as mining, the n
procesing industry, petroleum industry, pow
industry and on a smaller scale by electrople
wastes, metabased pigments and numerous o
industrial wastes, besides the high exh
emissions in urban regions from car engil
burning of hospital wastesnd domestic soli
waste, as well as wastelalahdfills [1]. There are
several methods to treat the metal contamin
effluent, but the selection of the adequate me
is based on the concentration of pollutant anc
cost of treatmentf2]. These methcs include
chemical precipitation, electroplating, i
exchange, and reverses osmosis which

expensive and inefficient especially for low me
concentration as cited by many stu([3-5].

Adsorption technique is considered a promis
method and thigan be attributed to its simplici
in design and operation, low cost, and insensjt
to toxic materials. Investigation the usage of
cost sorbents for treating large quantities
wastewater has become a substantial i In this
concern, olive pip as an example for was
generated from forestry activities and indusl
agriculture acquired a great importance in
removing of metal ionf5].

Modeling of adsorption process is a topic
interest for the prediction of the metal partitiog
between the aqueous solution and the ¢
surface, and its subsequent application to
design of adsorption treatment unit[7].
Adsorption isotherm mods such as Langmuir,
Freundlich, Elovich, Temkin and others are u
mostly for description the equilibrium relationsl
between the adsorbate concentration in the
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phase and the adsorbate concentration in the
adsorbent particles at a given temperature [8].
Hence, there is a need to use a more representative
model that can identify the equilibrium/ non-
equilibrium biosorption process for different
values of temperature. Consequently, ANN
technique has drawn great attention as an
alternative approach in the determination of
complex relationship  between  operating
parameters.

ANN based predictive models are powerful in
terms of learning the nonlinear relationships to
understand and solve and thereby achieving
ability to predict accurately [9]So, the present
study aimed to characterize the non-
equilibrium/equilibrium non-isotherm cadmium
removal from aqueous solutions onto olive pips
using ANN model in comparison with batch
experimental results for different operational
conditions.

2. Description of ANN

The working basis of ANN is inspired from the
biological neurons of natural network. Neuron, or
node, is represented the principle core of this
network. The neuron impulse or the output of a
node is determined as weighted sum of the input
signals from the proceeding neuron, altered by the
transfer function. The learning capability of a
neuron is accomplished by adjusting the weights
in conformity to chosen learning algorithm.
Basically, the topology of ANN is consisted of
input, hidden and output layers and the number of
neurons is depended on the number of input and
output parameters. The significant step in the
solution procedure using ANN is finding the
number of neuron at a hidden layer and this can be
achieved by trial and err@t7].

3. Experimental Work
3.1. Materials

The olive pips were collected from the olive oll
industry and the dirt particles were removed from
these pips by washing with deionized water. They
were then air-dried, ground in a mechanical
grinder and sieved to obtain the desired size
between 125-710 um size particles.

The simulated water was contaminated with
Cd(Il) by dissolved Cd(Ng€), (manufactured by
BDH, England) and kept at temperature of the

room (25°C). The pH of the prepared solution was
adjusted by using 0.1 M NaOH or 0.1 M Hj&s
required and this stock solution was used to
prepare any required concentration of Cd(ll).

3.2. Batch Tests

The effect ofcontact time t, initial pH, initial
concentration @,) of Cd(ll), olive pips dosage,
agitation speed and temperaturd) (on the
performance of sorbent material was investigated
based on batch biosorption tests. Adsorbent
dosages varied from 0.05 to 2 g were introduced
into 250 ml flasks with 100 ml solution containing
50 mg/l of metal ions. These flasks were agitated
using an orbital shaker (Edmund Buhler SM25,
German) witht equal to 60 min and agitation
speed of 250 rpm. Samples were withdrawn at
specified time intervals ranged from 10 to 240 min
and then passed through filter paper. Cd(ll)
concentrations in the samples were analyzed by
atomic absorption spectrophotometer (AAS)
(Shimadzu, Japan).

Tests were carried out in a pH range of 2-6 to
determine the effect of initial pH on biosorption.
While effects of operating temperatures ranged
from 20 to 60 °C were investigated. Removal
efficiency R) of Cd(ll), which is represented the
predicted value of ANN model, was calculated as
follows:

R =% 100 (1)

where C, is the equilibrium concentration of
cadmium remaining in the solution at the end of
the test.

4. Results and Discussion

4.1. Developing and Optimization of the
ANN Model

ANN model with Levenberg—Marquardt
backpropagation (LMA) training algorithm for
correlating the removal efficiency of cadmium
ions from aqueous solution by biosorption method
was developed. This algorithm was calculated
using Matlab program version 7.10.0.499
(R2010a). The experimental data was divided into
training, validation and test subsets with
corresponding proportions of 60, 20 and 20%
respectively. This step is very important in the
development of optimized topology for ANN.
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The training data is the biggest set and is |
by neural network to learn pattern presented ir
data by updating the network weights. The te:
data is used to evaluate the quality of the netw
The final check on the perimance and
generalization ability of the trained network
made using validation data. Transfer function
tangent sigmoid (tansig) at hidden layer and lii
(purelin) at output layer were applied in -
present study. The input variables to the 1
forward neural network were; biosorbent dosi
t, initial pH, Co, agitation speed and T.
addition, the removal efficiency was chosen
output variable

Figure lillustrates best topology f ANN and
the variation of parameters w: calculated
depended orthe minimum mean square er
(MSE) of the training and prediction s. The
solution procedure was beginning wittwo
neurons in the hidden laygar optimization of the
network. Table 1illustrates the dependen
between the neuron number and MSE fce
LMA algorithm.

It seems fromTable 1 that the MSE of tf
network was the highest (= 0.0015) for 2 hid
neurons and it is decreased significantly
minimum value of 0.000335 ith 7 neurons.
Hence, the 7 hidden neurons wedopted as the
best case. When the neurceisange from 7 to
16, MSE was increased and thishaviorcan be
attributed to the propertiesf perfornmance index
and the input parameters [9The training wa:
stopped after 30 epochs for the LMA because
differences between trainingrror and validatiol
error started to increase.

Figure 2 presents the MSE for subs
described previously with LMA and the b
regression was set in Figure 3. It can be seer
the correlation coefficient for training, validatic
testing and all datawas 0.99795, 0.9987
0.99793 and 0.99798 respectively.

Input Layer Hidden Layer Output Layer
Tangent sigmoid transfer Linear transfer function
function (tansig) (purelin)

{ Contact ime fuin)

‘ Tnitial pH

‘ Adsorbent dosage {g/ 100 ml)

biosorption efficiency (%)

‘ Tnitial CA(II) concentration (mg/l)

‘ Agitation speed (rpm)

Temperature (°C)

Fig. 1. The optimal architecture of ANN.

Table 1,

MSE values of the training set for Cd(ll) on the
olive pips.

No. of neurons MSE (x1C?)
2 1.50(

3 0.96:

4 0.83¢

5 0.97:

6 0.55¢

7 0.33¢

8 0.711

9 0.56(

10 0.84(

11 0.67¢

12 0.431

13 0.45:

14 0.34¢

15 0.45:

16 0.78¢

T Terr— e ]
=

[ ia 6 20 26 50 ET3

Epochs

Fig. 2. MSE of faining, validation and test for the
LMA algorithm.
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Training: R=0.99795 Validation: R=0.93874
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Fig. 3. Training, validation and testing regression
for the LMA algorithm.

4.2. Biosorbent Dosage

One of the important parameters that stroi
affect the sorption capacity is the biosork
dosage. This effect wastudied by adding
different boisorbent dosages intl00 ml of
solution contaminated withO mg/lof Cd(ll) and
pH of 6 as shown in the Figure Bhesetests were
conductedvith agitation speed of 250 rpt of 60
min andT of 25°C.

This figure signified that the removal
efficiency was changed from 70 to 92 in
response to the variation olive pipsdosage from
0.05 to 1 ¢ 100 ml at conditions describ
previously. This can beresulted from th
increasing of biosorption sitegge. surface area,
prepared for contact with dissolved contamir
due to increase of biosorbatdsage[10]. Due to
reaching the equilibrium soiipt, additional
increment inthe biosorbent dosage do not ca
any significant change in the removal efficiel
and, so, 1 g/ 100 ml wasonsideredthe best
choice for further experiments iavestigae the
influences of other parametefSigure 4 states a
good agreement between the predictions
experimental data with correlation coefficieof
0.994.

100 A
T . o
— L ]
L0 { %2
=~ [
2 g
£ |f
E60 -
a
]
3
£40 -
2
=20 -
Q
® Experiment ANN output
0 % T T T ]
0 05 1 15 2

Olive pips dosage (g/100ml)

Fig. 4. Variation of ANN outputs and experimental
results with biosorbent dosage t= 60 min, initial
pH= 6, C, =50 mg/l, agitation speed = 250 rpm an
T=25°Q.

4.3. ontact time and initial pH of solution

The sorption uptakes varied rapidly in the
first minutes and then, remains approximate
stabilized as a functiorof contact time until
achievedthe equilibrium state as illustrated in
Figure 5. Thiscan be explained on the basis
availability large number of binding sites f
metal ions which are decreed with time. This
decrease can be caused slowed ¢ in the
sorption uptake dueotgeneratin of repulsive
forces [11].

In addition, results proved that the remon
efficiencies of metailons were approximately low
at pH of 2 and this may be due to hi
concentration of Hions which are competed wi
Cd(Il) ions for binding sites. Thhigher values of
pH means low concentrations of hydrogen i
and this reduces the competition between tt
ions and ions of pollutant, i.e. reduce of posi
surface charge, resulting in trapidly increment
of removal efficiency from 11 to 92 % as |
changed from 2 to 5 [12]'he results show: that
the efficiency was decreed in response to any
further increase of ptand thic may be due to
generationof soluble hydroxyl complexes whi
are precipitated from thdiquid phase making
studies oftrue sorptionimpossible [13]. The
experimental resultsignified that the equilibriur
can be achieved atof 60 min. Also,Figure 5
explains that obtained results from the propc
ANN model and experimental datare in good
agreement with correlation coefficient nless
than 0.985.
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Fig. 5. Variation of ANN outputs and experimental
results with t for different values of initial pH
(dosage =1g/100 ml min,C, =50 mg/l, agitation
speed = 250 rpm and = 25 °C).

4.4. Initial concentration

Figure 6 shows that the removal efficiency
Cd(ll) onto the olive pips dgeased from highe
values £ 97 %) to lower values= 38 %) as a
function of metal concentration. Thitrend is
logical because of the lack sufficient binding
sites that are required faorption much more
Cd(ll) ions present in theliquid phas.
Conversely, lie results explained that the remc
efficiencies were higher witlower concentratior
because all ions irmqueous pha can interact
with the binding sites. As a result, theatment
yield can be increased by diluting the wastewe
containing high metal ion concentratic[14]. It is
clear that thee is a good agreement betwt
outputs of ANN andexperimental data wit
correlation coefficient of 0.997.

2
L]

80 A

40 |

20 -

Cd{ll) removal efficiency (%)

@ Experiment —— ANN output
0 L) L) L) L) 1

0 50 100 150 200 250
Initial concentration (mg/l)

Fig. 6. Variation of ANN outputs and experimental
results with C, (dosage =1g/100 r min, t =60 min,
initial pH= 6, agitation speed = 250 rpm ancT = 25
°C).

4.5. Agitation speed

Approximately 10% of the Cd(Il) wassorbed
onto olive pips agagitation speewof zero and the
uptake increases with the increase of agite
speed upto 250 rpm at which maximui
contaminant removal can be achie as
illustrated in Figure 7 Increasing of agitation
speed can be improvede diffusion ofpollutants
towards the biosorberainc the sufficient contact
can be developebdetweenthe solutes and active
sites [15].Figure 7showsthat agitation with 150
rpm is sufficientand there is no substantial chau
in removal efficiency beyond this value. Howe\
this figure statedhat the ANN model presents
good prediction for theexperimental data with
correlation coefficient 00.99¢.
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Fig. 7. Variation of ANN outputs and experimental
results with agitation speed dosage =1g/1C ml min,
t =60 min, initial pH= 6, C,= 50 mg/l andT = 25 °C).

4.6. Temperature

Table 2 signifies thathe sorptio uptake of
Cd(ll) ions onto olive pips wasgaried from 85 tc
96 %, when the corresponditgmperature ws
changed from 20 to 68C. This may be due
increasingthe diffusion rate of the contamine
ions across the external boundary layer anc
internal pores of the sorbent particlThis shows
that the adsorption process is an endothe
process [12]. Howevegptimization betweeithe
cost of heating energy anlle achieved increa:
of biosorption efficiencyat high temperature
temperature with value of 2& wasvery suitable
for batch tests. The results dfble : signified
that the predictions arepproaching fromthe
measured values wittorrelation cefficient 0.9.

Table 2,

Experimental and ANN output values of Cd(ll) ions
removal efficiency as a function of temperature
(dosage = 1 g/100mt= 60 min, initial pH= 6, C,= 50
mg/l, and agitation speed= 150 rpm).

Temp. Removal efficiency (%,
(°C)

Exp. ANN
20 85.84 87.54
25 92 90.77
30 94.3 92.5
40 95.12 92.47
50 95.52 94.62
60 96.3 95.75

4.7. Biosorption taracteristics

The bicsorption data(Figure 8) were also
described by ANN modelin the terms of
equilibrium  concentration C;) and the
corresponding equilibrium sorption capacide).
A good agreemertan be recognizebetween the
predicted and measuredhlues with maximum
sorption capacity equal tQ mg/g.

10 -

co

=)}

£

N

® Experiment —— ANN output

q.({mg of Cd(l1)/g of olive pips)

=]

0 20 40 60 80 100 120 140 160
c. (mg/1)

Fig. 8. Comparison of the experimental results witl
the ge values obtained by ANN mode

4.8. Sensitivity analysis

The sensitivity analysis weaimed to calculate
the relative importance of the inpparameters
based on the neural net weight matrix and Ga
equation. Garson (1991) proposed an equi
basedon the partitioning of connection weights
follows (Faisal, 2015):

Zm:Nh |W]"7;l x Iwho
m Sl

J 7 enifcmenn( Wik ho
LRI ot M o in T )X Wi
SR With,

.2

wherel; is the relative importance of ti™ input
parameter on the outppiramete, Ni andNh are
the numbers of input and hidden neu
respectively, W's are connection weights, tl
superscripts, h ando refer to input, hidden ar
output layers, respectively, and subscrik, m
and n refer to input, hidden and output neurc
respectively.

The results proved that the most influen
parameter isinitial pH of aqueous phase with
relative importance equab 38% for biosorption
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process under consideratiofFigure 9). This
parameter is followed byC, (17%), agitatior
speed (15%), dosage (14%)8 %), and thelast
rank is temperature with relativienportance of
(7%). Howeverthe experimental ranges used
fitting ANN model, as proved by man
researchers, are specifittte influential variabl
and influence of each variable [16].

I Time 8%
I pH 38%
[ IDosage 14%

[ Jinitial concentration 17%
I Agitation speed  15%
I Temperature 7%

Fig. 9. Sensitivity analysis using artificial neural
network.

5. Conclusions

Best operating parameters for biosorptior
Cd(ll) ions from simulated wastewater onto ol
pips were specified depended on batch tests
these values ard; of 60 min, initial pH of 6
biosorbent dosage of 1 g/ 100 ral, of 50 mg/I,
agitation speed of 150 rpm afddof 25 °C. The
results proved that the achieved maximum up
and biosorbent capacity of 92 % al0 mg/g
respectively.

The ANN of three layers with transt
functions consisted of tangent sigmoid at
hidden layer and linear at the outpayer is very
efficient in the description of Cd(ll) biosorptit
process onto olive pips with coefficient
correlation equal to 0.99798 aMSE of 0.00033
Finally, the results of sensitivity showed that
initial pH of aqueous phase is the mosiuential
parameter governed this process with rele
importance of 38 %.
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