AN OVERVIEW OF WASTEWATER TREATMENT PROCESSES
OPTIMIZATION USING RESPONSE SURFACE METHODOL OGY (RSM)

Mohammed J.K. BasHir, Hamidi Abdul AziZ, Shuokr Qarani Aziz Salim Abu Amf

1: Assistant Professor. Environ. Eng. Dep., Facoftieng. Green Tech. Universiti Tunku
Abdul Rahman, Perak, MALAY SIAkbashir@utar.edu.my; modbashir@gmail.com

2: Professor, School of Civil Eng., Universiti SaiMalaysia, 14300 Nibong Tebal, Penang,
MALAYSIA. cehamidi@eng.usm.my

3: Assistant Professor, Dep. of Civil Eng., Colledd=ng., University of Salahaddin—Erbil,
Erbil, IRAQ. shoker71@yahoo.com

4: PhD Candidate, School of Civil Eng., UniverSains Malaysia, 14300 Nibong Tebal,
Penang, MALAY SIA.sabuamr@hotmail.com

ABSTRACT: Optimization plays a key role in environmental ieegring parameters since
the best system performance mainly is on optimumtpw optimum range. The majority
of wastewater treatment processes are multi-variabtl optimization through the classical
method is inflexible, unreliable and time-consumimgus, response surface methodology
(RSM), as a very efficient design and widely ussthhique, can be adapted for parameters
optimization of various wastewater treatment preessRSM is a practical mathematical
and statistical tool that can be employed for ariaty the effects of several independent
factors on the treatment process in order to oldite@nrmaximum benefit from the process.
Recently, several water and wastewater treatmemtepses have been optimized for
treatment different type of wastewaters via RSMuding; textile dye wastewater, tannery
wastewater, industrial paint wastewater, landéddhate, olive oil wastewater, and palm oil
mill effluent. The present study focuses on thebiispa and effectiveness of RSM for
process parameters modeling and optimization intemager treatment studies. In this
paper, some of the RSM studies published recendise weviewed in order to verify the
usability of RSM and its limitations.

Keywords. Wastewater, Treatment Processes, Optimizatidasign of experiments,
Response Surface Methodology.
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.  INTRODUCTION

Increasing the efficiency of the processes withocteasing the cost is very essential to get
better performance of the operations. The methoed u®r this purpose is called
optimization.Optimization refers to choosing the best elemenmmfisome set of available
alternatives (independent variables). In most afcess there is appropriate value of
variable to reach to maximum yiel@he traditional method used for determining the
optimum operation conditions is by monitoring théuence of each variable individually
on the response. Where, just one variable is clthagd the others remain at a constant
level. The interactive effects between the varialalee not considered in this method. As a
result, this method does not show the whole effedtshe variables on the response.
Another negative aspect of this technique is tloeemse in the total number of trials that
are required for conducting the research, resultiren increase of time, cost and materials
combustiong1-4]. Thus, response surface methodology (RSM) can e tosaddress this
problem. According to Myers and Montgomery [5], RSM is atistécal technique was
useful for the optimization of chemical reactiomsl@r industrial processes and commonly
used for experimental desigdowadays, RSM has been widely and effectively aoptor
optimization of water and wastewater treatment @gees in order to obtain the maximum
benefit from the process. For example, several maated wastewater treatment processes
have been optimized for treatment different typavattewaters via RSM including; textile
dye wastewater, tannery wastewater, industrialtpaastewater, landfill leachate, olive oil
wastewater, and palm oil mill effluef-10]. Currently, RSM has been widely valid for
different purposes in wastewater treatment prosegdethough, RSM has some limitations,
several studies were carried out without considgetirese limitations. The present study
focuses on the use of RSM for process parametdmiaption in wastewater treatment
studies. In this paper, some of the RSM studiedighdd recently were reviewed in order
to verify the usability of RSM and its limitations.

[I. DESIGN EXPERT (DoE)

Design Expert is a program for design of experimentatistical analysis, modeling and
optimization. It offers a range of programs inchglifull factorial and fractional factorial
designs, response surface method, mixing and Draptdesigns.The Design-Expert
Software was used to develop the experimental felaRSM[11]. The same software was
also used to analyze the data collected. A regressi performed on the data collected
where the observed variable (response) is apprd&anaased on a functional relationship
between the estimated input variables. In genergderimental design can be defined as a
specific set of experiments defined by a matrix posed by the different level
combinations of the variables studied. Factorsndependent variables are experimental
variables that can be changed independently of ethar. Levels of a variable are different
values of a variable at which the experiments rbastarried out. Responses or dependent
variables are the measured values of the redubism experiments. Residual is the
difference between the calculated and experimergallt for a determinate set of
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conditions. A good mathematical model fitted to emmental data should present low
residuals values.

1.  RESPONSE SURFACE METHODOLOGY (RSM)

RSM is a collection of mathematical and statistitethniques which are useful for
modeling and analysis of problems in which a respoof interest is influenced by
numerous variables and the aim is to optimize résponsg12-13] According to Bas and
Boyaci. [2] and Bezerra et al. [3], RSMan efficient statistical method for the modedliand
optimization of various variables to preditie best performance conditions with a minimum
number of experimentRSM was introduced in 1951 by Box and Wilson [14H &hey
suggested using a second-degree polynomial modeerily RSM have been employed
for optimization of process parameters especiallfood science and technology, material
engineering, chemistry and chemical engineering.

For application of RSM as an optimization technicgg@me stages should be followed such
as: (1) selection of the most important independaniables and their level on the system
through screening studies; (2) the choice of theearmental design and carrying out the
experiments according to the selected experimengdtix; (3) the mathematic—statistical
treatment of the obtained experimental data thrabgHit of a polynomial function; (4) the
evaluation of the model’s fitness; (5) the verifioa of the necessity and possibility of
performing a displacement in direction to the ojptimegion; and (6) obtaining the
optimum values for each variable [15].

The least square technique is used to fit a maglehteon containing the input variables by
minimizing the residual error measured by the sdisgoare deviations between the actual
and the estimated responses. This involves thailedilen of estimates for the regression
coefficients. However, the calculated coefficieatshe model equation need to be tested
for statistical significance. In this respect, thtests are Performed-test for significance of
the regression model, test for significance on\iadial model coefficients and test for
lack-of-fit [16]. Additionally, checks need to beandte in order to determine whether the
model actually describes the experimental data. [I6g checks performed here include
determining the various coefficients of determioat{R?). In addition to this, the adequacy
of the model is also investigated by the examimatibresiduals [12]. The residuals are the
differences between the observed and the prediesgmbnses and these are examined using
the normal probability plots of the residuals ah@ plots of the residuals versus the
predicted response. If the model is adequate, dtih@gpon the normal probability plots of
the residuals should form a straight line. On ttieephand, the plots of the residuals versus
the predicted response should be structure leas,ighthey should contain no obvious
patterns.

A. Theory of RSM

Besides analyzing the independent variables effelsts experimentamethodology also
generates a mathematical model. The graphical \oewpf the mathematical model has
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led tothe term RSMThe relationship between the responses and thésimpgiven in Eq.
(1):

Y = f (X, X,,X5....X,) = €& W

where Y is the responskis the unknown function of response, %, Xs,... X, are the input
variables which can affect the response, n is theher of the independent variables and
is the statistical error that represents othercesuof variability not accounted for by
After selection of the design, the model equat®nléfined and coefficients of the model
equation are predicted.

As the results of Sequential model sum of squavggestion of software and software
suggestion, the quadratic model was selectedhdrcase that total number of experiments
is n; the response surface can be expressed awdalising matrix notation of the model.

Y = X[ £ ¢
Where
(yl ] 1Xp Xpp o Xy A &1
1X,, X,, -+ X £
R O I L SR
— e : . . + . (2)
\yn J \1Xn1 Xn2'“Xnk p, \ﬁn J \gn J

Y X p €

whereg is random error.
The following Equation is for calculating the toralmber of experiments

N =n°+2n+ n,

3)
where N is the total number of experiments andtheshumber of factors.
The selected independent variables were codeddingao equation (4):
X =X
X =———= i=1,2,., k 4
| AX 16 gy ( )
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where X refers to coded value of thé" independent variablé, is the value of; at the
center point and X is the step change value [12] The response fum¢¥® is measured as
the yield in processes. The model used in RSM msngonly a full quadratic equation or
the diminished form of this equation. The secordEomodel can be written as follows:

Y :/Bo-l_izz;‘lgi X +;lgii x2+i;1’8ij XXTE

wherep, is the value of the fixed response at the cendartf the designg, £i, andp;
are the linear, quadratic and interaction effegtession terms, respectively;denotes the
level of the independent variablejs the number of independent variables; amirandom
error. Normally, a second order polynomial equati@s derived as:

Y=BHBX+HB% BN HBXSHRX BN AR HBXHBRFE (o)
B. Statistical analysisby RSM

A wide range of statistical and diagnostics studiesobtainable from RSM. The Analysis
of variance (ANOVA) including sequential F-testcheof-fit test and other adequacy
measures is offered by RSM. Residual analysis @aghdstics case statistics is checked to
ensure adequacy of models. The results of ANOVAraperted to check sufficiency of
models as well. Diagnostics plot are showing tHaildty of model , they are include:
predicted versus actual plot, normal plot of realduresiduals versus predicted, residual
versus the run, residual versus factors, Box-Coot Rdr Power Transforms. Cook's
Distance,Outlier t, Residual, Leverage,Residualvakt as peridicted and actual values are
reported by RSM [11].

In the RSM the quality of the fit of the polynomialbdel is expressed by the coefficient of
determination Rin Equation (7), adjusted coefficientzﬂa) in Equation (8) and predicted
coefficient (Rpred in Equation (9).

R2 =1- S%esidual
S%Iodel+ S%esidual (7)
I%«d':]'_ S%esidual/DE?esidual
J (S§odel+s§esidull /(DFI\/IodeI+ DFResidull (8)
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. PRESS
RPred =1- 9)
(SS\/Iodel + SSResidual)

where the terms SS and DF are sum of squares andeseof freedom, respectively, and
PRESS denotes Predicted Residual Sum of SquBnestesidual sum of squares &
expresed in Equationss (10-12).

S =536 590 (10)

SS’E :ZZ(yij _)_/i)z (11)
i=1 j=1

SS_OF :Zni()_’i - yi)2 (12)

where S$&e is the sum of squares due to pure error an@sSEB the sum of sequences
due to lack of fit [12]. Equation (13) is stamit€dedicted Residual Sum of Squares
(PRESS)

n n O
PRESS=» &) = > [y, - ¥,]° (13)
i=1 i=1

Adequate Precision (AP) is determined the signaddige ratio according to equations
(14) and (15).

max(Y)_— Dmin(Y) 14)
YV (Y)

2

Adequate precision =

V(\?):%iv&): pg

Where, p is the number of model parametefsthe residual mean square, and n is the
number of experiments).

(15)

C. Optimization

In RSM Factors are optimized through a desirabilityction (D) for multiple responses
according to Equation (16).

6
Copyright © 2012 IUG. The"4nternational Engineering Conference —Towards mewjiing of 21 century



1/Zr|

(16)

Where N is the number of responseandd; are the importance of particular response
and partial desirability function respectively.

V.

TREATMENT PROCESSES

RSM APPLICATION IN OPTIMIZATION OF WASTEWATER

In this section, several published RSM studieh@last few years were reviewed focusing
on the usability of RSM for optimization of variougpes of wastewater treatment
processes. Table 1 summarizes different applicatadrRSM in optimizing various types

of wastewater treatment techniques.

Table 1: Various application of RSM in wastewateatment process optimization

Wastewater Treatment Independent variables Responses Ref
type technique .
Electrochemical pollution load, COD, color [6]
Textile Oxidation applied potential, turbidity removals
wastewater electrolyte concentratior,
temperature, and reaction
time
Textile dyes Adsorption Initial dye concentration, the amount of dye| [17]
initial solution pH and adsorbed at
temperature equilibrium
Landfill Coagulation— | coagulant dosage and pH COD, turbidity, [9]
leachate Flocculation color, and TSS
removals
Landfill Fenton pH, Reaction time, Initia] COD, color and | [18]
leachate Oxidation concentrations of yD-, iron removals
and Ferrous ion
concentration
Landfill Electrochemical electrolyte COD and color | [19]
Leachate oxidation concentrations, current removals
density and reaction timg
Landfill lon Exchange Cation resin dosage, | Ammonia removal| [20]
leachate (cation resin) contact time, shaking

speed

Copyright © 2012 IUG.
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Landfill lon Exchange anion resin dosage, COD, color, [21]
leachate (anion resin) contact time, shaking | turbidity, and SS
speed, pH removals
Pulp mill Coagulation- coagulant dosage, turbidity removal, | [22]
wastewater Flocculation | flocculant dosage and pH lignin removal and
clean water
recovery
Slaughterhou| Electrochemical| current density, reaction COD, BOD, and | [23]
se oxidation time and influent COD color,
Wastewater removal
efficiencies and
effluent pH
Simulated Photo-Fenton initial pH values, Mineralization rate| [24]
industrial process concentration of iron
wastewater catalyst
and the concentration of
H202 type of UV
irradiation
Dairy Electrochemical| current density, dosage = COD removal [25]
wastewater oxidation of sodium chloride
(NaCl), electrolysis time
and pH,
Petroleum Upflow hydraulic retention time [26]
refinery anaerobic sludge (HRT) influent COD, up coD remo_val, and
effluent blanket (UASB) flow velocity (Vup) rate of blpgas
bioreactor production
Oily Electro- Current density, pH, and turbidity and COD | [27]
wastewater coagulation Electrocoagulation time| removals
emulsion
Drinking Coagulation- coagulant dose and pH removal efficienc{28]
water flocculation of turbidity
and dissolved
organic carbon
(DOC)
Olive oil mill Fenton’s he ratio of hydrogen COD, total [29]
wastewater peroxidation peroxide-to-Fe(ll) . phenolics (TP),
Fe(ll) concentration , angd color and
H.O, concentration aromatocity
removal
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According to the above mentioned literatures, R34 $everal advantages compared to the
traditional method that used for experimental mptation in which one variable at a time
technique is implemented. The advantages can beauaed as below [2];

i. RSM gives a large amount of knowledge from a bmanber of experimental runs.
However, traditional methods are time consuming amarge number of experimental
runs are required to describe the behavior of aga®

il.  The interaction effect of the independent paramsete the response can be observed
and investigated via RSM. The model equation patdrifies these effects for binary
combination of the independent parameters.

iii. Moreover, the empirical model that related the oese to the independent variables is
utilized to obtain information about the process.

With respect to these, it can be concluded that RS useful and helpful tool for the
optimization of wastewater treatment processesth@rother hand, the major drawback of
RSM is to fit the data to a second order polynomVake cannot say that all systems
containing curvature are well accommodated by duesd order polynomial.

In most of the reported studies that use RSM fatinmpation of wastewater
treatment process, there is not enough or adegualieninary work in regards to the range
of independent variables. Thus, in most of themjtion studies, there is no optimum
point due to unsuitable range of independent vegablhe max or min value of the
response without stationary point has been givethasoptimum point. It is not relay
correct to say these kinds of studies as optinumatlf RSM studies were carried out
without estimation of stationary point, the aimtbé study and selection of the range of
independent parameters should be explained cle@tg. verification of the predicted
equation should be made. The physical mean of shimated results should be discussed
and suitability of the estimated response to theeeted result should be evaluated [2].

V. CONCLUSION

Response surface methodology (RSM) is a widedduechnique which can be adapted
for parameters optimization. Statistical and diagies analysis indicated that RSM is a
reliable tool to optimize of process parameters.MR®% successfully applied for
optimization of several wastewater treatment preegsIn the current study, s RSM
method and some of its applications that publistexgbntly were reviewed in order to
verify the usability of RSM and its limitations. Was observed that RSM has several
advantages in wastewater treatment process optionzaHowever, In most of the
reviewed articles that implement RSM for optimipatiof wastewater treatment processes,
there is not sufficient or adequate preliminary kvaor regards to the range of process
variables. This could lead to inaccurate outcome.
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