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ABSTRACT

An experimental and modeling investigation was carried out on removal of
Methylene blue from a synthetic wastewater. Adsorption of the dye with
Azolla fern was experimentally investigated in different operating condi-
tions. Variable parameterswereinitial M ethylene Blue concentration, Azolla
doze, Azolla pre-treatment pH, contact time, adsorption pH and agitation
rate. An artificial neural network with 6 neurons in input layer and one
neuron in output layer was designed and trained to predict the removal
efficiency of Methylene Blue at various conditions. Different number of
neurons in the hidden layer, transfer functions and different training algo-
rithms were examined and the optimum network was obtained by compari-
son of correlation coefficient and mean of square error. The experimental
results showed that 8.5, 3, 150 min, 150 rpm, 1 g/lit are the optimum values
for pH of pre-treatment, Adsorption pH, contact time, agitation rate and
Azolla concentration, respectively. The investigation of modeling results
showed that anetwork with 6, 15 and 1 neuronsin input, hidden and output
layers with Hyperbolic Tangent Sigmoid and linear transfer functions in
hidden and output layers which is trained using Levenberg-Marquardt al-
gorithm can predict the removal of Methylene blue with the best precision.
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INTRODUCTION

Theeffluentsfromtextile, leether, food processing,
dyeing, cosmetics, paper, and dye manufacturing in-
dustriesareimportant sources of dye pollution. Many
dyesand their break down products may betoxic for
livingorganismg?. Itisdifficult toremovethedyesfrom
the effluent, because dyesare not easily degradableand
are generally not removed from wastewater by con-

ventional wastewater systems?. Recently, biosorption
methods are devel oped for removing dyesand other
contaminantsfromwater and wastewaterg®4. Azollais
asmall aguatic fern. Infact, itisasymbiotic pair of
Azollafiliculoidesand aheterocystousblue-greenaga
Anabaenaazollae. Azollahasbeen used asafertilizer
in botanical gardensbecause of nitrogen-fixing capa-
bility, therefore has been used for several decadesas
greenmanureinricefiddgd®. Thenon-livingAzolla has
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been shownto be ableto effectively adsorb methylene
blue and trivalent chromium, zinc (1) and nickel (I1)
from solutionsand e ectroplating effluent and gold (111)
from aqueous solution®™, Artificia neural networks
(ANNSs) are powerful chemometric methods because
of their high efficiency as predictorsfor non-linear sys-
tems. Infact many kinetic problemsareintrinsically
nonlineart®. Cinar et. al™® model ed the performance of
a submerged membrane bioreactor treating cheese
whey wastewater using acascade-forward back-propa:
gation ANN consisting of 3-neurons hidden layer.
Hamed et d.1*% model ed the effluent biochemical oxy-
gen demand (BOD) and suspended solids (SS) con-
centration at amagjor wastewater treatment plant using
two ANNSs. Aguado et al.[*! utilized ANNSs as a soft-
waresensor for inferringwastewater quaity parameters
such aseffluent COD or total nitrogen concentrations.

In the present work, the optimum conditionsfor
the process of Methylene Blueremoval usingAzolla
wereexperimentally obtained. In addition, an artificial
neural network was designed and trained to predict the
remova efficiency.

MATERIALSAND METHODS

Fresh Azolla (asliving biomass) was collected from
the surface of theAnzali International Wetlandin the
north part of Iran. Azolla sample was prepared by
washingwith digtilled water and air-dryingin sunlight.
Thenit wassieved to particleswith gpproximate size of
0.075 mm. Azolla sampleswere soaked in solutions
withdifferent pH to activatethem and the optimum pre-
treatment pH was determined. The adsorption experi-
mentswere carried out in abatch process using aque-
ous solution of Methylene Blue. Variables parameters
wereinitid MethyleneBlue concentration, Azolladoze,
Azollapre-trestment pH, contact time, adsorption pH
and agitation rate. The PharmaciaNovaModel spec-
trophotometer wasemployed at a663 nm wavelength
to determinethe percentage of MethyleneBlueremova.
Inthenext step, an artificia neura network with 6 neu-
ronsininput layer and one neuroninoutput layer was
designed and trained to predict theremoval efficiency
of MethyleneBlueat variousconditions. Different num-
ber of neuronsin the hidden layer, transfer functions
and different training dgorithmswereexamined and the
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optimum network was obtained by comparison of cor-
rel ation coefficient and mean of squareerror. For each
case, 70%, 15% and 15% of available experimental
datawas used astraining, validation and test sets.

RESULTS

Experimentswerecarried out &t different operating
conditions and the optimum condition for removal of
Methyleneblue usingAzollafern was specified. The
effect of pre-treatment pH on theremoval efficiency is
giveninfigure 1. Thefigure showsthat increasing the
pre-treatment pH from 2 to 8, significantly increases
theremoval efficiency. however, moreincreaseinthe
pre-treatment pH hasjust negligible effectsonthere-
mova efficiency. Therefore, pH=8.5+0.1 waschosen
asthepre-treatment pH.
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Figurel: Effect of pre-treatment pH

Theeffect of adsorption pH isgivenin Figure 2.
Accordingtothisdiagram, pH=3+0.5 waschosen as
the optimum adsorption pH for the experiments. It
should bementioned that dthough theoptimum values
for pre-treatment and operating pH were obtained, the
experimentswererun at different conditionsin order to
consider theeffect of probableinteractions between
variable parameters.

The effect of contact timeis shown in Figure 3.
Accordingtothisfigure, 150minwasdetermined asthe
optimum contact timeto reach the maximum adsorp-
tionand equilibrium condition.

Experiments showed that agitation speed hasasig-
nificant effect ontheremova efficiency. Figure4illus-
tratesthat theremoval efficiency increasesby increas-
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ing the agitation rate and reachesto amaximum at a
rotational speed of about 200rpm. Therefore, 200rpm
was determined asthe optimum agitation speed.
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Figure?2: Effect of adsor ption pH
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Figure3: Effect of contact timeon removal of methyleneblue
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isdrawninfigure5. Thefigurereved sthat by increas-
ing theAzolladozefrom 0.25to 5 g/l, the amount of
adsorbed dyeper unit mass of adsorbent descendsfrom
140to 36 mg/g.
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Figure5: Equilibrium amountsof adsor bed dyeat various
dozesof Azolla.

However, investigating theeffect of Azolladozeon
the percentage of removal (figure 6) showed that the
remova percentage decreasesby decreasing theAzolla
doze. Accordingtothisdiagram, by increesngtheAzolla
doze, from 0.2to 1g/l, the percentage of dyeremoval
increasesfrom 45% and reach to amaximum of about
70%. Therefore, aconcentration of 1 gAzolla/l was
obtained asthe optimum doze.
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Figure6: Effect of Azolla adsor bent concentration on dye
removal

Anatificid neurd network including Sxinputs(pre-
treestment pH, adsorption pH, agitationrate, Azolladoze,
initial dye concentration and contact time) and one out-
put (percentage of dyeremoval) wasdesigned to pre-
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dict theremovd efficiency of MethyleneBlueat differ-
ent conditions. Threedifferent transfer functionsof the
hidden layer wereexamined:

Hyperbolictangent sigmoid =

2___ 1
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Levenberg-Marquardt backpropagation algorithm
wasused to train the network. From thewhol e experi-
mental datasets (225), 135 data setswere randomly
chosenfor training the network. Each dataset includes
6 input and one output parameters. 45 numbersof data
setswere used thevalidation set. Thevalidation setis
used to ensurethat thereis no overfitting inthefinal
result. In the other word, training processis stopped
when the mean of square errorsfor the validation set
increases. Therest of dataset (that arenot usedinthe
training process) constitutesthetest set. Thetest set
provides an independent measure of how well the net-
work can be expected to perform on datanot used to
trainit. Figure 7 showsthe M SE changesof thetrain-
ing, vaidation and test sets during atraining process.
Thefigureshowsthat after 52 iterations, theerrors of
thevalidation set startsto increase, whilethe M SE of
thetraining set is<till descending. Thisshowsthat the
network will overfit the dataafter 52 iterations. There-
fore, the network with wei ghts and biasesthat are ob-
tained by 52 iterationsisthebest trained one. 3, 5, 10,
12, 15, 20 and 25 number of neurons in the hidden
layer wasexamined and theresulted M SE and regres-
sion parameter were compared to find the optimum
network. Because of random sel ection of the data sets
andrandominitidization of theweightsand biases, each

Log- Sigmoid =

Linear=x
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Figure7: Thetrend of M SE changesfor training, validation
and test sets
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training processwas repeated fivetimes. Theresults
showed that anetwork with 12 neuronsin the hidden
layer givestheleast MSE.

Inaddition to the number of neuronsin the hidden
layer, different transfer functionsfor input and hidden
layer wereexamined. Theerror valuesof training, vali-
dation and test sets obtained from anetwork with 12
neuronsinthehidden layer and different transfer func-
tionsaregivenin TABLE 1. Thenumbersof thistable
areaveragevauesfor fiverepetitions.

TABLE 1: Performanceof thenetwor k with different trans-
fer functions

Trangfer Function Optimum Mean of squareerror

Hidden Output NO.Of  "Training Validation Test
Layer Layer Iteration set set set

purelin  purein 2 148.4 198 211
purelin  logsig 6 322.8 3743 4128
purelin  tansig 4 125.6 1435 125.6
tansig purdin 21 0.925 15.35 9.04
tansg logsig 14 22329 268.12 340.37
tansg tansig 17 3.49 19.08 26.5
logsig purdin 17 1.95 17.6 21.2
logsig logsig 23 237.4 398.2 1883
logsig tansig 12 2.45 14.1 32.3

Thetable showsthat anetwork with Hyperbolic

Tangent Sigmoid and linear transfer functions, respec-
tively inthehidden and output layershasthe best per-
formance. A comparison between the measured
amountsof dyeremova and the predicted vauesusing
thebest-trained network isshowninfigure8.
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Figure8: Comparison between experimental and predicted

results
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Thefigure showsthat thetrained network isableto
predict theremova of MethyleneBlueat different un-
expected conditions (test set) with agood precision.
Thebegt-fit linecoincidestheexperiment=predictedline
and the M SE for thetest set wasequal to 1.8.

CONCLUSION

Experimentsat different conditionswerecarried out
toinvestigatetheremovd of MethyleneBlueusngAzalla
fern. Experimenta resultsrevededthat Azollaisasuit-
ablebio-Adsorbent for removal of Methyleneblue. It
was observed that aremoval efficiency of about 70%
can be obtained using only one equilibrium stage at
optimum conditions. ANANN wasdesigned and trained
to predict the removal process. Modeling results
showed that the best-trained network can predict the
experimenta resultswith aM SE lower than two.
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