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ABSTRACT

In the present study, artificial neural network (ANN) and response surface methodology (RSM) models
were used to investigate the heterogeneous photocatalysis performance in removal of chemical
oxygen demand (COD) from landfill leachate using compound parabolic collector. Effect of the three
parameters, i.e. pH, catalyst dosage and irradiation time were studied for COD removal efficiency
and these parameters are optimized by the RSM. The optimum values of pH 5, the dosage of 0.75
g/L and irradiation time of 100 minutes is capable to remove 32.19% of COD from the leachate. A
good agreement is shown by the analysis of variance for the regression coefficient R? for predicted
value (0.92268) and adjusted value (0.9776). The proposed RSM and ANN model R? values were
found to be 0.9882 and 0.9974 respectively, which confirms the ideality of RSM and ANN. The results
also confirm that the input and output data from RSM could be appropriate to build the ANN model.
Further BOD5/COD ratio is studied for the biodegradability of leachate and it was found that increase
of biodegradability value from 0.17 to 0.47 was at pH 3, catalyst dosage of 1 g/L and irradiation time
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\ of 150 minutes.

INTRODUCTION

It is observed that the countries having high Gross Domes-
tic Product (GDP) are generating more MSW compared
to the developing and underdeveloped countries (Shekdar
2009). Municipal Solid Waste Management (MSWM) is
now becoming an important segment, because of increased
population, environmental degradation caused by pollution,
emerging newer technologies, rapid urbanization and public
importance towards hygiene and sanitation (Joshi & Ahmed
2016). Most of the developing countries including India have
adopted landfilling as the final disposal method for their
MSW, because of proven technology, cost-effectiveness, easy
to implement and operate. Unavoidable pollutants produced
from the landfill are methane gas and leachate.

Leachate is highly hazardous, consisting of high or-
ganic pollutants, salts, ammonia and toxic heavy metals.
The organic pollutants studied for leachate globally are for
Chemical Oxygen Demand (COD), Total Organic Carbon
(TOC), five-day Biochemical Oxygen Demand (BODj),
and Dissolve Organic Carbon (DOC). Other two indicator
ratios are BODs/COD and COD/TOC (Deng 2009, Renou
et al. 2008, Abu-Daabes et al. 2013). Available conventional
treatment methods, for treating these parameters are not

feasible in the present days, because of continuous harden-
ing of the discharge standards in many countries and new
pollutants emerging from the industrial processes where
conventional methods fail to treat these pollutants (Gehrke
& Somborn-schulz 2015, Renou et al. 2008). The treatment
using nanotechnology is gaining importance due to its effi-
ciency, significant reduction in treatment time and combining
this technology with conventional treatment will offer new
technology opportunity in liquid waste treatment (Saleh &
Gupta 2012, Gehrke & Somborn-schulz 2015).

Nanotechnology is found useful in wastewater treatment
by adsorption, membrane process, advanced oxidation
process and disinfection (Qu et al. 2013, Gehrke & Som-
born-schulz 2015). The last 10 years of research papers
(2001 to 2011) show that the researchers are more interested
in the field of biological process and Advanced Oxidation
Process (AOP) for treating the leachate (Silva et al. 2013).
Heterogeneous photocatalysis is an AOP over the surface of
a semiconductor-based photocatalyst. Semiconductor metal
oxides are used as a photocatalyst, because of light-absorbing
capacity, the favourable combination of electronic structure,
charge transport characteristics and excited state lifestyles
(Thiruvenkatachari et al. 2008). Semiconductor nanoma-
terials such as TiO,, a-Fe,0;, ZnO, WO;, CdS, SnO, etc.
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are used in the process of heterogeneous photocatalysis.
Titanium dioxide (TiO,) is a widely used semiconductor
nanomaterial, because of its nontoxicity, cost-effectiveness,
high chemical stability during the reaction with acidic and
basic compounds, and has high oxidizing power (Spasiano
et al. 2015).

Photocatalysis process depends upon different factors
such as catalyst dosage, pH, contact time, temperature and
light intensity (Julkapli & Bagheri 2018). The Central Com-
posite Design (CCD) and Response Surface Methodology
(RSM) are systematic tools, which provide an optimum
number of experiments, mathematical and statistical tech-
niques for understanding the effects of different factors and
their interactions at the response and helps in optimizing
the process (Varank et al. 2016, Ghaedi et al. 2015, Garba
& Rahim 2014).

ANN is a technique used for solving nonlinear systems
when there is more than one parameter interaction involved in
the process. One of the advantages of ANN is that, it does not
require previous information on the interactions of process
variables for handling simulation of the complicated systems.
ANN has achieved more popularity in water and wastewater
treatment studies (Garg et al. 2017, Sabonian & Behnajady
2015, Aghaeinejad-Meybodi et al. 2015).

Photocatalysis is carried out in photoreactors to absorb
maximum solar radiation which helps in performing the pho-
tochemical reaction. Compound Parabolic Collectors (CPC)
are more efficient than that of the parabolic and non-con-
centrating collectors, because of the high amount of sunlight
absorption, no solar trackers required, small place to install
and can be used in cloudy days also. (Thiruvenkatachari et
al. 2008, Spasiano et al. 2015).

In recent days, many researchers have studied the remov-
al of organic contaminants such as COD, BODs, TOC and
DOC from the leachate and wastewater using TiO,, with UV
lamps as the light source and few studies show using natural
sunlight. Jia et al. (2011) used UV mercury-vapour lamp and
TiO, nanomaterial for the removal of COD, DOC and colour
from the landfill leachate. Their study shows that, at pH 4
and dosage of 2 g/L, the removal efficiency of COD, DOC
and colour was 60, 72 and 97% respectively. El-mekkawi
et al. (2016) investigated the percentage of COD removal
in six different substrates by ten different synthesized and
commercial TiO, samples. They have considered the initial
COD concentration as 30 mg/L and volume taken was 100
mL for their study. They have carried out their experimental
procedure at pH 3 and TiO, dosage of 0.5 g/L. Results of
the study revealed that, TiO, of Degussa P25 found to be
more efficient in removal of COD from all the substrates in
exposure dose of < 9.36 mWH/cm®.
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With the best of our knowledge, the study based on RSM
and ANN is not reported for the COD removal from landfill
leachate using photoreactor in natural sunlight. Therefore,
in the present study TiO,/H,0O,/sunlight are used for the
treatment of COD, BOD5 and BODs/COD using CPC (pho-
toreactor). The RSM, CCD and ANN techniques are used
for modelling and optimizing the influencing parameters on
COD. The BODs and BODs/COD ratio are studied for the
improvement in biodegradability of the leachate.

MATERIALS AND METHODS
Collection and Characterisation of Leachate

Leachate sample is collected from the “Turmuri sanitary
landfill” Belgaum, Karnataka. The existing capacity of Inte-
grated Municipal Solid Waste IMSW) facility is 100 tonnes
per day (TPD) and it is proposed to expand up to 450 TPD.
The total landfill area is of 26.7 hectares, which includes
compost processing facility, material recovery, refuse-de-
rived fuel and sanitary landfill. The aerobic composting
method was adopted at the site (Windrow Compost Method)
(Ramky Enviro Engineers Ltd. n.d.). Leachate sample was
collected from the leachate collection tank of landfill site in
a plastic container and stored at below 4°C until use. The
initial physicochemical characteristics are analysed and
summarised in Table 1.

Experimental Study

In the present study the raw leachate is diluted to 1:25 dilu-
tion with tap water. Photocatalytic TiO, is procured from
Sisco Research Laboratories Pvt. Ltd (SRL)-India, which
is Anatase and has a specific surface area of 326 m?/g with
an average particle size of 7 nm. Hydrogen peroxide (H,0,)
reagent (30% w/v) is used to trap the photo-induced elec-
tron and further it acts as an oxygen source to improve the
mineralisation. 1 M nitric acid and sodium hydroxide were
used for pH adjustment in the process.

All the photocatalysis experiments were conducted dur-
ing the summer, the solar irradiance found during April and
May months are 2212 kWh/m? and 2303 kWh/m? respec-
tively. Photocatalysis process is carried out in CPC, wherein
CPC profile is prepared in AutoCAD software by taking two
halves of the parabola with closely located focal points and
their axes inclined to each other (Tanveer & Tezcanli 2013,
Strauss et al. 2018). The half acceptance angle (6,) is 15.8°
for the constructed CPC. The CPC height, width of receiver
and width of the absorber are 417.5, 360 and 100 mm respec-
tively. The aluminium foil is used on the reflective surface
to collect maximum photons from the sun.
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Table 1: Physicochemical characteristics of raw leachate.

Parameters Range value
Temperature (°C) 31

pH 8.06
Electrical Conductivity (uS/cm) 15880
Total Dissolved Solids (mg/L) 8099
Total Suspended Solids (mg/L) 400
COD (mg/L) 6418
BODj; (mg/L) 1106
BOD4/COD 0.17
Chloride (mg/L) 2345
Sulphates (mg/L) 350
Nitrate (mg/L) 1496
Sodium (mg/L) 80
Potassium (mg/L) 1720
Alkalinity (mg/L as CaCO3) 1800
Lead (mg/L) 0.0091
Cadmium (mg/L) 0.0014
Chromium (mg/L) 0.0777
Copper (mg/L) 0.0267
Zinc (mg/L) 0.0528
Iron (mg/L) 3.0290

The transparent borosilicate glass tube of capacity one
litre is mounted on CPC as shown in Fig. 1. The glass tube
is having an internal diameter of 6 cm and a length of 38 cm.
The end of the glass tube is fitted with rubber bush and pipes
are connected to it. The collection tank of capacity 1.5 litres is
built with glass. The connectors, motor parts and recirculating
pipes in contact with the leachate were of PVC material. The
diluted leachate, 2 mL of hydrogen peroxide and TiO, are
added in suspension, which is then magnetically stirred for 30
minutes in dark to attain adsorption and desorption equilibrium
between the leachate and TiO,. After the dark adsorption whole
solution was taken into the CPC reactor for the photocatalysis
experiment and recirculated through the glass cylinder with the
aid of a low rpm water pump. During all the runs a uniform
flow rate of 1000 mL/minute was maintained.

After the treatment, the solution was filtered through 0.45
um membrane filter paper. The COD (Open reflux method)
and BODj tests were conducted as per the standard methods
(APHA 1999). The pH was measured with a Systronics
Make 361.

Central Composite Design (CCD)
The DESIGN EXPERT 11 (Stat-Ease Inc., Minneapolis,
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MN, USA) software was used to study the individual and
synergetic effects of three factors: pH, dosage and irradiation
time on the reduction of COD and biodegradability of the
leachate. CCD is performed with 2" factorial runs (n=3),
the number of runs is obtained by the equation 2" + 2n +
n,, which provides 2" factorial points are in 8 numbers and
axial (2n) and centre (n,) points as 6 each in numbers with a
total of 20 runs. The factors are coded as +1 and -1 for high
and low values. The range of high and low variables was
decided based on the literature and are provided in Table 2.
The response values obtained from the CCD and percentage
removal of COD against each experiment is shown in Table
3. Rotatability value of a=1.687 is obtained by Eq. (1). The
value of o depends on the number of factors in the factorial
portion of the design (Garba & Rahim 2014, Ghaedi et al.
2015, Amini et al. 2008).

o= N;/“ (D)

Where Np = 2" is the number of points, n is the number
of factors.

The quadratic equation model is used to optimize and
predict the response Y against the three independent factors,
which can be expressed according to Eq. (2) (Ghafari et al.
2009, Varank et al. 2016).

Y = ﬁO + Z?:lﬁi Xi + Z§{=1BiiXi2 + z:;:cisj

...(2)

WhereY is the predicted response; X;and XJ are the varia-

bles (independent factors), and f3, is the constant coefficient,

B; Bi;and B;; are the coefficients for the linear, quadratic,

and interaction effect respectively, k signifies the number of
independent variables and € is the random error.

Artificial Neural Network (ANN)

In the present study sigmoid transfer function with a back
propagation structure is used in the ANN modelling, which
consists of a total of three layers of input, hidden and output
layers as shown in Fig. 2. All calculations were done with
MATLAB®2013 to develop the ANN model. Input variables
examined for the neural network are pH, dosage and irradia-
tion time. The output value is the percentage of COD removal
from the leachate. The sigmoid transfer function is commonly
used transfer function for the input and hidden layers be-
cause of its differentiability. ANN will provide input-output
mapping with nonparametric statistical inference, adaptive
and fault-tolerant. The ANN output is expressed by Eq. (3).

Pw) =flx, Xy, ... X, W] ...(3)

Where, P(w) is the expected output of the multilayer
neural network. The hyperbolic tangent function is given by

Nature Environment and Pollution Technology ® Vol. 19, No. 2, 2020
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1. Compound Parabolic Collector
2. Photoreactor.

3. Recirculation Tank.

4. Low RPM Pump.

5. Switch.

Fig. 1: Compound parabolic collector (CPC) schematic diagram.

Eq. (4) and it is used as the activation function for the hidden
layer. Whereas, linear activation function specified in Eq. (5)
will be employed for the output layer.

OW) tanh(v), ., .4

Oi(vV) =V ..(5

Where, v is the net input of the neuron, further, w is the
weight factor vector which need to recognize throughout the
course of action of training and x,, x,, ... x, characterize the

system inputs. The weights w are estimated by minimizing
the cost function £(w) which is given in Eq. (6)

£(w) = ﬁzg(w)z +%WTDW

Where, €(W) = y—)A’(W) and D is the weight decay
matrix and calculation of D is given by Eq. (7).

D= 1] (7

Where, 3 is the weight decay term and I is the identity
matrix. To get a better overview, data on network points are
separated arbitrarily into three subsets consisting of 70%,
15% and 15% of data. The first subsets are employed for
training while the other two subsets are employed for vali-
dation and cross-validation (Simon 2014, Liang et al. 2002).

..(6)

mxm

Table 2: Experimental factors and levels in the central composite design.

RESULTS AND DISCUSSION
Statistical Analysis

A quadratic polynomial RSM was used to analyse the exper-
imental results found by CCD. Based on the experimental
design results, the regression equations with coded variables
established for the photocatalysis processes is presented in
Eq. (8). The coded equation will help in finding the relative
effect of the factors by comparing the factor coefficients.

% COD removal by photocatalysis process =

30.77 — 11.14X, + 8.43X, + 3.87X; — 0.45X,X, —1.95X,X; —
3.26X,X; + 2.78X7 —2.70X5 — 1.52X3 .(8)

The positive and negative signs before the expressions
indicate the synergistic and antagonistic influence of the
respective variables. The presence of a single variable in a
term shows a unifactor influence; two variables indicate a
double factor influence and a second-order term of variable
occurrence indicate the quadratic influence.

In mandate to evaluate the individual interface and quad-
ratic effects of the variables influencing on the percentage
removal of COD, analysis of variance (ANOVA) is carried
out. ANOVA validated the importance and adequacy of the
models. The superiority of polynomial model suitability

Levels Star Point or=2
Factors
Low Central High -0 +a
(X)) pH 3 5 7 1.634 8.363
(X,) Dosage (g/L) 0.5 0.75 1 0.329 1.170
(X3) Irradiation time (min) 50 100 150 15910 184.09

Vol. 19, No. 2, 2020 ® Nature Environment and Pollution Technology
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Table 3: Data statistics of model variable.

Std Run X;:pH X,: Dosage g/ X;: Irradiation time Minutes COD % Removal
6 1 7.00 0.50 150.00 15.88
19 2 5.00 0.75 100.00 32.19
9 3 2.00 0.75 100.00 57.97
5 4 3.00 0.50 150.00 39.92
4 5 7.00 1.00 50.00 26.82
16 6 5.00 0.75 100.00 29.89
20 7 5.00 0.75 100.00 28.75
7 8 3.00 1.00 150.00 53.16
14 9 5.00 0.75 184.00 32.12
3 10 3.00 1.00 50.00 44.86
15 11 5.00 0.75 100.00 32.19
17 12 5.00 0.75 100.00 29.89
12 13 5.00 1.17 100.00 37.85
18 14 5.00 0.75 100.00 31.34
13 15 5.00 0.75 16 22.86
10 16 8.00 0.75 100.00 21.35
11 17 5.00 0.33 100.00 10.45
8 18 7.00 1.00 150.00 24.13
2 19 7.00 0.50 50.00 2.35
1 20 3.00 0.50 50.00 21.78
Input Layer Hidden Layer Output Layer

pH

Dosage COD % Removal

Irradiation
time

Bias

Bias

Fig. 2: Artificial neural network.
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is studied in terms of coefficient of determination R and
model terms are assessed by p-value and F-value (Varank
et al. 2016).

For the COD removal, whether the model is significant or
insignificant is studied by the relationship between predicted
and actual data as shown in Fig 3. The R? value predicted
for the COD is 0.9268 and is in reasonable agreement with
the adjusted R? value of 0.9776; the difference is less than
0.2. To check the model significance, further, it is verified in
terms of F-value, P-value and adequate precision.

Therefore, the sum of squares and mean square of each
factor, F-values as well as P-values are shown in Table 4 for
the percentage of COD removal. In Table 4, dividing the
sum of the squares of each of the various sources, the model
and the error variance by the respective degrees of freedom
gives the mean square values. The model terms with values
of P less than 0.05 are considered significant. With respect to
COD percentage removal, the Model F-value of 2.90 suggests
that the Lack of Fit is not significant compared to the pure
error. There is a 13.35% chance for a lack of Fit F-value,
this could happen due to noise. Non-significant lack of fit is
suggested to be good.

Naveen N. Desai et al.

P-values less than 0.05 indicate model terms are sig-
nificant. In this case X,, X,, X5, X, X3, X,X;, X3, X5, X3
are significant model terms. X,X, are not significant as
values greater than 0.05 indicate the model terms are not
significant.

The adequate precision ratio should be more than 4 for
a significant model. In the present study, COD has an ad-
equate precision ratio of 37.53. From the statistical results
attained, it was observed that the COD model (Eq. 8) was
adequate to predict the COD removal within the applied
range of variables.

ANN Modelling

To develop a suitable model for ANN requires large data.
However, if the data of input and output are statistically
significant by the ANOVA in RSM it could be appropriate to
build the ANN model (Sarve et al. 2015). Different topologies
of ANN with the number of hidden neurons varying from 2
to 10 are trained in the present study. The topology which
provides minimum mean square error (MSE) is chosen as
the best topology to predict the parameter of COD reduction.
The MSE corresponding to the best architecture (number of

Predicted vs. Actual

60 _]

50 4

40 |

30 4

Predicted

20 _| O

10 4

I I I
0 10 20

| I I I
30 40 50 &0

Fig. 3: Relationship between predicted and experimental data for COD removal.
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Table 4: The ANOVA for response surface quadratic model of COD removal by photocatalysis.

Source Sum of Squares Degree of Freedom Mean Square F-value p-value Remarks
COD Model 3261.27 9 362.36 93.18 <0.0001 significant
X,-pH 1694.59 1 1694.59 435.76 <0.0001 significant
X,-Dosage 970.42 1 970.42 249.54 < 0.0001 significant
X;-Irrdiation time 204.55 1 204.55 52.60 < 0.0001 significant

X, X, 1.62 1 1.62 0.4166 0.5332 Not significant
X, X5 30.42 1 30.42 7.82 0.0189 significant

X, X5 84.89 1 84.89 21.83 0.0009 significant

X3 111.71 1 111.71 28.73 0.0003 significant

X3 105.01 1 105.01 27.00 0.0004 significant

X3 33.23 1 33.23 8.55 0.0152 significant
Residual 38.89 10 3.89

Lack of Fit 28.92 5 5.78 2.90 0.1335 Not significant

hidden neurons) for parameter prediction is given in Table 5
and also shown in Fig. 4. The best architectures found (Table
5)is 3_8H_1 with MSE validation of 0.0235 which is used
for predicting of COD removal.

The accuracy of the developed model is evaluated by
regression analysis. The criterion used for measuring the
model accuracy in regression analysis is correlation coeffi-
cient R, The correlation coefficient measures the stren gth of
the relationship between estimated and measured variables
and it can be expressed by Eq. (9).

N Xmea.\'Xest - ZXmm.\‘ erst

IV (S [V ()|

R* =

..(9)
Where, N, X, .., and X are the number of operating
points in a data set, measured variable and estimated varia-
ble respectively. The value of R? represents the correlation
coefficient of determination. The R” ranges between -1 and
+1. R? value close to +1 indicates a stronger positive linear

relationship, while R? value close to -1 indicates a stronger

Table 5: Results of the ANN model to predict COD reduction.

negative linear relationship. Further, the comparison of meas-
ured and estimated COD is done for all the data sets of points.

The coefficient of determination (R?) for COD is depicted
in Fig. 5 and it is concluded that the developed model allows
the accurate prediction of COD as it is having a coefficient
of determination of 0.9974.

Effect of Independent Factors on COD Removal and
Optimisation of Process

Effect of pH on COD removal: The percentage removal
of COD is studied with the independent factors by the RSM
in the form of 3-dimensional charts as shown in Fig. 6. It is
observed from Fig. 6(a), that the set of optimum values of pH
5, a dosage of 0.75 g/L and irradiation time of 100 minutes
are capable to remove 32.19% of COD from the leachate.
To study the effect of various individual parameters on COD
removal, the ramp diagrams are used. In ramp diagrams, two
optimized parameters are kept as constant and the other one
is varied to obtain maximum and minimum values.

To understand the effect of pH on COD reduction, the
value of pH is fixed at 3 and 7 as shown in ramp diagrams in

S. No. Input Parameters Output Parameter Architecture MSE (Validation)
pH, Dosage, Irradiation time COD 3 2H_1 0.1372
pH, Dosage, Irradiation time COD 3 4H_1 0.1263
pH, Dosage, Irradiation time COD 3_6H_1 0.0362
pH, Dosage, Irradiation time COD 3_8H_1 0.0235
pH, Dosage, Irradiation time COD 3_10H_1 0.0471

Nature Environment and Pollution Technology ® Vol. 19, No. 2, 2020
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Figs. 7(a) and 7(b) respectively. The results obtained from the
ramp diagrams indicate that at pH 3 (COD removal 44.69%)
the removal efficiency of COD is higher than at pH 7 (COD
removal 22.41%) for the dosage of 0.75 g/L and irradiation
time of 100 minutes. Many researchers have reported that
the maximum COD removal can be achieved in acidic pH
(Pekakis et al. 2006, Igbal et al. 2017), and pH plays a very
important role in photocatalysis solution, which provides
greater influence on the mechanism of OH radicals produc-
tion and point of zero charge (pH,,.) of TiO, nanomaterial.
The pH,,,. for TiO, is 6.5 when pH value is lower than pH,,.
the TiO, surface becomes positively charged and attracts
anionic pollutants. If pH is greater than 6.5 then surface
gets charged negatively and attracts cationic pollutants. It is
assumed that the pollutants whose exact composition is not
known are negatively charged species, therefore their pho-
todegradation process would be favoured at acidic condition
rather than of neutral or alkaline conditions (Fotiadis et al.
2007, Pekakis et al. 2006, Julkapli & Bagheri 2018).

Effect of catalyst dosage on COD removal: Figs. 6(b),
8(a) and 8(b) show the effect of catalyst dosage on COD
removal. Which indicate that, as the dosage increases, the
percentage removal of COD also increases. In the ramp
diagram 8(a) and 8(b) the highest dosage of 1 g/L and min-
imum dosage of 0.5 g/L is fixed at the pH 5 and irradiation
time 100 minutes. The ramp diagram clearly shows that, at
1 g/LL (COD removal 36.49%) catalyst dosage is efficient
compared to 0.5 g/LL (COD removal 19.63%). The dosage

0.16

Naveen N. Desai et al.

plays an important role in the photocatalysis process as an
increase in the concentration of nanoparticles in the area of
illumination helps in improved availability of catalyst sites
for the adsorption. Further, it helps in generation of reactive
free radicals and their interaction. It is also reported that the
application of excessive dosage above the saturation level can
reduce the light absorption coefficient due to the shielding
effect, which in turn reduce the efficiency of the pollutant
reduction. It is also necessary to note that, the dosage of
catalyst depends on the initial concentration of the pollutant
and operating conditions of the reactor (Julkapli & Bagheri
2018, Manassah 2011).

Effect of irradiation time on COD removal: Fig. 6(c), 9(a)
and 9(b) demonstrate the change in the percentage of COD
removal with respect to the graph and ramp diagram. These
indicate that, as the time increases, the removal efficiency of
COD increases. In Fig. 9(a) and 9(b) maximum (150 minutes)
and minimum (50 minutes) irradiation time were considered,
and COD removal efficiency is calculated as 33.11% and
25.37% respectively for the pH 5 and dosage of 0.75 g/L.
Extended irradiation time helps in speeding up mixing and
dispersion of adsorbent into the solution, COD from the
leachate will biodegrade faster in initial stages and further
increase of time may not help in removal of COD, because
COD removal amount is fixed by the refractory compounds
and by-products produced during the longer reaction time
of photocatalyst (Sahar et al. 2018, Mokhtarani et al. 2016).

0.14

0.12

0.10

0.08

0.06

Mean Square Error

0.04

0.02

0.00

Number of neurons

Fig. 4: Effect of the number of hidden neurons on the performance of the neural network.
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Biodegradability Study of Leachate

BOD4/COD ratio has been commonly used to indicate the
biodegradability of the waste. This ratio helps in coupling
biological treatment with chemical treatment. It is suggested
that the BOD5/COD ratio should be more than 0.4 for biolog-
ical treatment. If it is in the range of 0.3 to 0.4, it indicates
the partial biodegradability of waste (Jia et al. 2011, Khattab
et al. 2012). The biodegradability study was carried out for
each run and is shown in Fig. 10 with respect to pH, catalyst
dosage and irradiation time. The results indicate that there
will be a considerable increase of BODjs fraction with initial
and final irradiation time. At the initial stage of 0-100 min-
utes, BODj fraction was increased due to the active changes
in structures and chemical properties of the refractory mate-
rials and due to the presence of original organic matter. The
catalyst dosage plays a crucial role in the increase of BODj4
fraction, because of reduction in organic by-products residual
in the treated medium and to the upswing of decarboxylation
rate. The pH of the medium was studied with biodegradability
and it is seen that at acidic pH the BODs/COD is more. The
results of Wiszniowski et al. (2006) indicated that at pH 7.2
BOD4/COD, percentage removal is less compared to the pH
4. In the present study, the BODs/COD ratio was 0.17 and it
was found to be increased up to 0.47 at pH 3, catalyst dosage
of 1 g/L and irradiation time of 150 minutes. The optimum
BODs/COD ratio of 0.35 can be attained by a pH of 5, dosage
0.75 g/L and irradiation time of 100 minutes.
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CONCLUSION

Performance of TiO, was studied with CCD based on RSM
and ANN models for the COD removal from the landfill lea-
chate using photoreactor in natural sunlight. The constructed
photoreactor was found to be efficient in capturing solar
photons from sunlight, and maximum removal of COD at
pH 2 and pH 3 was found to be 57.97% and 53.16% respec-
tively with dosage of 1.0g/L and irradiation time of 150 min.
The favourable condition for COD removal from leachate
is an acidic phase and the same is reported by other authors
also. Further results indicate that the other two parameters,
catalyst dosage and irradiation time, also influence the COD
removal. In the present study, optimum parameters were
obtained as pH 5, the dosage of 0.75 g/L and irradiation time
of 100 minutes for COD removal of 32.19%. The ANOVA
results of p values less than 0.05 indicate that the models
are significant, F-value of 2.90 and the adequate precision
ratio of 37.53 from statistical results confirm that the COD
model is adequate to predict the COD removal within the
applied range of variables. The ramp diagrams are shown
to help in varying weights or importance of the parameters
to check the percentage removal of COD. The ANN model
R? value, found to be 0.9974, indicates that the model has
been trained perfectly for the input and output data of CCD
based RSM. In ANN, best architecture found is 3_8H_1
with MSSE validation of 0.0235 which is used for predicting
of COD removal.

0T R%=0.9974

20

Estimated COD, %

10

Equation:

CcOoD

COD +0.94

Estimated_(1 ) Measured

20

30 40 50 60

Measured COD,%

Fig. 5: Measured and estimated COD.
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Fig. 10: BODs/COD ratio during the photocatalytic process.
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