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ABSTRACT

Inthispresent study, chemical coagulation method (CC) using ferric chloride
was used to treat the rice mill wastewater and the effects of initial pH, ferric
chloride dose and agitation speed on the removal of COD, turbidity and
total suspended solids were investigated using Box-Behnken response
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surface design. The experimental results show that CC could be effectively
reduced the COD (91%), turbidity (87%) and TSS (83 %) at the optimum
conditions of pH 7, ferric chloride dose of 2.5 g/l, and agitation speed of 30
rpm respectively. The experimental results were in reasonable agreement
with the predicted values. These results show that, effectiviness of CC as

an effective pre-treatment in wastewater treatment.
© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Ricemill industry wastewater isrecognized asone
of thetoxic wastewater, which containshuge amount of
organic andinorganic matterswiththeyield of 1.0-1.2
I/kg of ricd. Dischrageof thiswastewater intotheeco-
logica system without pretrestment causesthe harmful
effectson receiving natura environmental sourcessuch
aswater bodies, |and and human being. Therefore, there
isacritical needtofind out the proper treatment tech-
niquetotreat rice mill industry wastewater interms of
removal efficiency of toxic organic mattersaswell as
economicfeasi bility toimplement in large scale appli-
cation?. Fromtheliterature survey it wasfound that
very limited studies on the treatment of rice processing
industry wastewatere were reported. Rgjesh et al.[M
studied thetreatment of rice mill industry wastewater

using two stage upflow anaerobic sludge blanket
(UASB) bioreactor and found that the percentage of
BOD and COD removal were 89 and 78 respectively
under the optimum conditions. Manogari et d . inves-
tigated thetreatment of ricemill industry wastewater
using pseudomonas sp. and found that the percentage
of COD and BOD removal were 86.44 and 55.34 re-
spectively after 24 hours by immobilized packed bed
system. Manaswini Beheraet a2 have demonstrated
the performanceof microbid fue cels(MFC) madeof
earthen pot and aproton exchange membranefor treat-
ment of ricemill wastewater and found that higher COD
removd efficiency (>75 %). But, thesetreatment tech-
niqueswere not sufficient to treat rice proceesingin-
dustry wastewater effectively dueitscomplicated treat-
ment setup, longer retention timeand limited amount of
removd efficiency of toxic pollutantg?.
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Variousadvanced wastewater trestment techniques
suchaschemicd coagulation, dectrocoagul aion, fenton,
adsorption, fluidized bed reactor, e ectrochemica oxi-
dation, dectro-fenton, membranefiltration, photo-fenton,
anaerobic processand ozonation trestment processhave
been proposed to treat variousindustrial wastewaters*
13, Among thesetechnol ogies, chemica coagulationhas
many advantages such as cost-effective, high removal
effidency, noneed of additiond ssparationmethod, Smple
process, small treatment timeand easy to handle, over
other treatment techniques'¥. Moreover, thisprocess
can bedirectly applied to wastewaters to remove or-
ganic matterstogether with suspended solids, without
being affected by thetoxicity in the wastewater. This
method cond stsindestabilizing colloids, aggregatingand
binding themtogether into floccul ates, theresulting flocs
canfindly beremoved ether by sedimentationor by pre-
cipitation®. Destabilizationinvolvesfirst anincreaseof
ionic strengthwhich promotesdouble-layer compression,
and the neutralization of the particle surface charge by
adsorbing counter-anions, using the addition of chemi-
calscalled coagulants. Mean while, many factorscan
influenceitsefficiency, such asthe coagulant typeand
coagulant dosage, pH, mixing, temperature and reten-
tion time*¥, Optimi zation of thesefactorssignificantly
incressethe processefficiency. In conventiona multi-fac-
tor experiments, optimizationisusualy carried out by
varying singlefactor whilekeeping al other factorscon-
dtant at agpecific set of environment. Itisnot only time-
consuming, but ad so usually incompetent of redization
thetrueoptimum duetoignoringtherd ationsamong vari-
ables™. Ontheother hand, the response surface meth-
odology (RSM) hasbeen projected to determinethein-
fluencesof individua factorsandtheir interactiveeffects.
TheRSM isagatistical techniquefor designing experi-
ments, buildingmodds, eva uating theeffectsof severa
factors, and searching optimum conditionsfor desirable
responses™d. With RSM, theinteractionsof possiblein-
fluencing parametersontrestment efficiency canbeeva u-
ated withalimited number of planned experiments. This
method hasbeen widdy used for optimization of various
wastewater treatment techniquessuch as e ectrocoagu-
lation, adsorption, e ectro-Fenton and el ectro-oxida
tion™9,

However, to our best knowledge, no publications
areavallableonthetreatment of ricemill industry waste-
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water using chemica coagulation viaresponse surface
methol ogy. Hence the objective of the present study
hasbeen madeto investigate and optimizetheindividua
and theinteractive effect of processvariablessuch as
initial pH, ferric chloride dose and agitation speed on
the maximum remova efficiency of chemical oxygen
demand (COD), turbidity and total suspended solids
(TSS) fromricemill industry wastewater using Box-
Behnken response surface design coupled with
Derringer’s desired function methodology.

MATERIALSAND METHODS

Materials

Freshly collectd ricemill industry wastewater was
used asraw material, which was collected fromthelo-
ca industry near Erode, TamilNadu, and were stored
a 4°C prior to the experiments. The characteristics of
rice processing industry wastewater are shown in
TABLE 1. Ferricchloride (Fecl ,.6H,0) was purchased
from Sigmachemicas Mumbai. All thechemicalsused
inthisstudy wereanaytica grade.

TABLE 1: Characterigicsof riceprocessngindustry waste-
water

Characteristics Value
pH 51
COD (mgf/l) 2154
BOD (mg/l) 986
Total suspended solids (mg/l) 744
Turbidity (NTU) 574
Conductivity (mS/cm) 0.09

Chemical coagulation

A conventiona batch type chemical coagulation
studieswerecarried out with varying coagulant dosein
100 ml of compositewastewater for different pH range
(5-9). Thesampleswereagitated for 3minby varying
agitation speed (20-40 rpm) using incubator shaker
equipment and then sampleswerea lowed to settlefor
one hour. Then supernatant portion of wastewater was
used for determination of COD, turbidity and TSS. All
the experimentswere performed in threereplicatesto
check thereproducibility.

Analytical methods
American public health association (APHA) stan-
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dard methodswere used to determinethe wastewater
characterigticssuchasinitia pH, COD, turbidity, BOD
and TSS. Theremoval efficiency wasca culated using
thefollowing equation

_Yo-Y

0

Where, Risremova efficiency (%), Y, andY were
initid andfina vauesof COD, turbidity and TSS.

Experimental design

R

x 100 )

In this study, Box-Behnken response surface ex-
perimental design (BBD) withthreefactorsat threelev-
elswasused to optimizeand investigatetheinfluence of
processvariablessuch asinitia pH (5-9), ferricchlo-
ridedose (1 - 3 g/l) and agitation speed (20— 40 rpm)
onthetreatment of ricemill industry wastewater. Pro-
cessvariablesand their rangeswere determined based
onthesinglefactor experimental anaysis. After selec-
tion of process(independent) variablesand their ranges,

TABLE 2: Rangesof independent variablesand their levels
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experimentswere established based on aBBD and the
completedesign consistsof 17 experimentswith five
centre points (used to estimate theexperimental error).
Thetotal number of experimentswas calculated from
thefollowing equation'

N=2K(K-1)+C, )
where, K isnumber of factorsand C; isthe number of
central point. For predicting theoptima point after per-
forming experiments, asecond-order polynomid equa
tion wasfitted to correlate there ationship betweenin-
dependent vari ables and responses, which accountsfor
variations caused by linear, quadratic and interactive
effect of the processvariables. Themathematical form
of second-order polynomid equation isgiven bel ow!?3

k k

2

Y =Bo+ D BiX;+ D By X]
= =

k
+ZZBiJ—XiX]—+ei (3)

i <j=2

_ _ Level where, Y istheresponse; X, and X, arevariables(i and
Variable (unit) Symbol ——="=——" | rangefrom 1 tok); B, isthemodel intercept coeffi-
Initial pH X, 5 7 g9 Cent; Bj, Bjj and Bij areinteraction coefficients of linear,
Ferric chloride dose (g/L) X, 1 2 3 Quadraticandthesecond-order terms, respectively; k
Agitation speed (Rpm) X3 20 30 40 isthenumber of independent parameters(k =3inthis
TABLE 3: BBD and their experimental results
SNo Initial pH Ferric Chloride Agitation COD Turbidity TSS
(Xy) dose (X,) speed (Xz) Removal (Y,) removal (Y»,) removal (Y3)
1 5 1 30 65.54 61.28 55.48
2 9 1 30 45.84 4057 35.48
3 7 3 40 74.85 70.56 65.86
4 5 2 20 57.84 53.84 48.58
5 9 3 30 78.24 73.98 68.45
6 7 2 30 90.04 86.22 81.48
7 7 1 20 50.24 45.94 40.58
8 7 2 30 90.04 86.22 81.48
9 9 2 20 55.38 51.76 45.86
10 7 3 20 76.98 73.46 68.54
1 7 1 40 69.48 64.87 61.24
12 9 2 40 59.54 55.88 50.42
13 5 3 30 74.28 72.04 66.52
14 7 2 30 90.04 86.22 81.48
15 7 2 30 90.04 86.22 81.48
16 5 2 40 71.54 65.48 56.94
17 7 2 30 90.04 86.22 81.48
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Source Sum of Squares DF Mean Square F Value Prob > F Remarks
Sequential model sum of squaresfor COD removal
Mean 88987 1 88987
Linear 938 3 313 2 0.2463
2F 277 3 92 0 0.7582
Quadratic 2315 3 772 516 < 0.0001 Suggested
Cubic 10 3 3 6366 < 0.0001 Aliased
Residua 0 4 0
Tota 92527 17 5443
Sequential model sum of squaresfor turbidity removal
Mean 79257 1 79257
Linear 991 3 330 2 0.2353
2F 262 3 87 0 0.7817
Quadratic 2385 3 795 261 <0.0001 Suggested
Cubic 21 3 7 6366 < 0.0001 Aliased
Residua 0 4 0
Tota 82915 17 4877
Sequential model sum of squaresfor TSSremoval

Mean 67517 1 67517
Linear 946 3 315 1 0.2781
2F 260 3 87 0 0.8015
Quadratic 2570 3 857 205 < 0.0001 Suggested
Cubic 29 3 10 6366 < 0.0001 Aliased
Residual 0 4 0
Tota 71322 17 4195

Source Std.Dev. R? Adjusted R? Predicted R? PRESS Remarks

Model summary statisticsfor COD removal
Linear 14.150 0.265 0.095 -0.1127 3939
2F 15.251 0.343 -0.051 -0.6036 5677
Quadratic 1.223 0.997 0.993 0.9527 167 Suggested
Cubic 0.000 1.000 1.000 + Aliased
Model summary statisticsfor turbidity removal
Linear 14.325 0.271 0.103 -0.1022 4032
2F 15.512 0.342 -0.052 -0.6159 5911
Quadratic 1.745 0.994 0.987 0.9068 340 Suggested
Cubic 0.000 1.000 1.000 + Aliased
Model summary statisticsfor TSS removal

Linear 14.830 0.249 0.075 -0.1411 4341
2F 16.121 0.317 -0.093 -0.7144 6522
Quadratic 2.045 0.992 0.982 0.8769 468 Suggested
Cubic 0.000 1.000 1.000 + Aliased

study); and e istheerror. Thedetail methodology used
inthisstudy wasreported in elsewhere?24, All thesta-
tistical anaysesweredonewith the help of Stat ease
Desgn Expert 8.0.7.1 datistica software package (Stat-
Easelnc., Minneapolis, USA). After fitting the datato
themodels, the modelswere used for the construction

of response surface contour plotstoforecast therda
tionships between independent and dependent variables.
After analyzing the polynomia equation depicting the
effect of independent variables on the responses, opti-
mi zation processwas carried out by Derringer’s de-
sired function methodol ogy in order to find out the ef-
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COD removal (%)

Turbidity removal (%)

TSSremoval (%)

Source

RC P value RC P value RC P value
Model 90.04 < 0.0001 86.22 < 0.0001 81.48 < 0.0001
X1 -3.78 < 0.0001 -3.81 0.0005 -341 0.0022
X5 9.16 < 0.0001 9.67 < 0.0001 9.57 < 0.0001
X3 4.37 < 0.0001 3.97 0.0004 3.86 0.0011
X X5 592 < 0.0001 5.66 0.0003 5.48 0.0011
X1 X3 -2.39 0.0059 -1.88 0.0681 -0.95 0.3838
XoX3 -5.34 < 0.0001 -5.46 0.0004 -5.84 0.0007
X2 -15.44 < 0.0001 -15.61 < 0.0001 -16.80 < 0.0001
X2 -8.63 < 0.0001 -8.64 < 0.0001 -8.20 < 0.0001
X5 -13.53 < 0.0001 -13.87 < 0.0001 -14.23 < 0.0001
CV.% 1.69 1.74 3.25
AP 45.75 32.42 27.71
R? 0.9970 0.9942 0.9923
Adj-R2 0.9932 0.9867 0.9824
Pre-R* 0.9527 0.9068 0.8769

fective operating conditions of chemical coagulation
method.

RESULTSAND DISCUSSIONS

Inthis present study, threefactorswiththreelevels
BBD wasused to eval uate and optimize the chemical
coagulation process variables on the responses such
COD removal, turbidity removal and TSS removal.
Chemica coagulation processvariablesandtheir ranges
areshown in TABLE 2. A total number of 17 batch
experimentsincluding five centre pointswerecarried
out intriplicatesusing statisticaly deigned experiments
and theresults (meansvalues) areshownin TABLE 3.

Experimental design analysis

Theexperimenta datawasanayzed by two differ-
ent testsnamely the sequential model sum of squares®!
and moddl summary saigticsin order to obtainregres-
sion mode sand deci de about the adequacy of various
models(linear, interactive, quadratic and cubic) to rep-
resent the chemical coagulation treatment process ef-
fectively. Theresultsarelistedin TABLE 4. Fromthe
TABLE 4, itisfound that, quadratic mode sareexhib-
ited higher R?, adjusted R?, predicted R and al so hav-
ing low p-vaues, when compared with other models.
Thereforethe quadratic model ischosen to describe

theeffectsof processvariableson thetreatment of rice
processingindustry wastewater using ferric chloride.

Mathematical model development

Theresults obtained from BBD experimentswere
eval uated by multipleregression anaysis method and
empirical relationship betweentheresponseandinde-
pendent variables has been expressed by a second-
order polynomia equationwithinteractionterms. Three
empirical model sweredeveloped to understand thein-
teractive correlation between the responses and pro-
cessvariables. Thefinal model obtained in terms of
coded factorsisgiven below

Y, =90.04-3.77X, +9.16X , + 4.37X4
+5.91X, X, — 2.39X,X 5 — 5.34X ,X 5 — 15.44%?
—8.63X3 —13.53X3 ©)
Y, = 86.22—3.81X, +9.67X, +3.97X,

+5.66X ;X , —1.88X ,X 3 —5.46X ,X 5 —

15.61X 2 — 8.64X 5 —13.874X3 (6)
Y, =81.48—3.41X, +9.57X , + 3.86X 4

—5.48X ;X , — 0.95X ,X 3 —5.84X ,X 5 —

16.80X 2 —8.20X 5 —14.23X3 @)
Where, Y, Y ,andY ,are COD removal, turbidity re-
mova and TSSremoval respectively.
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Figurel: Predicted ver susactual for responsesa) COD removal, b) Turbidity removal, ¢) TSSremoval

Adequacy of models

Theadequacy of devel oped mathematical models
wasevd uated by constructing diagnostic plotssuch as
predicted versusactua and norma probability plotsfor
theexperimental dataobtained from thisstudy. Diag-
nostic plotssuch as predicted versusactua (Figure 1)
help usto find out the relationship between predicted
and experimenta val uesand the datapointson thisplot
lievery closetothediagond linewhichindicatesagood
adequate agreement between experimentd dataand the
data predicted by the devel oped models. Moreover,
Normal probability plot (Figure 2) isaalso suitable

Snoivonmental Science

graphica method for judging residua snormdity and
they liereasonably close on astraight linewhich con-
firmsthenormal distribution of the observed dataand
adequacy of thedeveloped models.

Satistical analysis

Pareto analysisof variance (ANOVA) were used
to anayzethe BBD experimental datausing F and p-
vauesanditisshownin TABLE 4. Thehigher F vaues
and lower p-values (p < 0.0001) of the developed
mathematical models indicated that, the developed
mode washighly sgnificant. Thegoodnessof fit of the
model was eva uated by the determination co-efficient
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Figure2: Normal probability plotsfor responsesa) COD removal, b) Turbidity removal, ) TSSremoval

(R?), adjusted determination co-efficient (R2), pre-

dicted determination co-efficient ( Rf,) and co-efficient

of variance (CV) and adequate precision (AP). The
high R?valuesreveded that, themodd saresatistically
sgnificant. Thevalueof and areinreasonable agree-
ment with the devel oped models. Lower CV vaues
and APvalues clearly stated that, the deviations be-
tween experimental and predicted values.

Effect of processvariables

Response surface contour plotswere plotted from
the developed modelsin order to study theindividua
and interaction effect among process variableson the
responses and al so used to determinethe optimal con-

dition of each factor for higher removal efficiency of
COD, turbidity and TSS.

Effect of initial pH

pH isanimportant parameter influencing the perfor-
manceof chemical coagulaion processsgnificantly. More
over, thesurface charge of the coagulating particlealso
varieswith pH. Theexperimentswerecarried out a vari-
ousinitial pH and theresultsare shown graphicalyin
Figures 3-5. From thefigures, it isfound that the per-
centage of COD, turbidity and TSSremova increased
withincreesinginitid pH andreachestoamaximum|eve
when pH isequal to 7. Thisisdueto the formation of
Fe(I11) speciesin the form of Fe(OH)g(s) and later the
percentage of COD, turbidity and TSS removal de-
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creased dueto theformation of soluble Fe(OH), which
isnot effectivefor remova of toxic pollutants?.

Effect of ferricchloridedose

Ferricchloridedoseisalso animportant parameter
for controllingthereeaction ratein chemica coagulation
process. Theexperimentswere carried out by varying
theferric chloridedosefrom 1to 3 g/l and theresults
areshowninFigure 3-5. Fromthefigure, itisfound
that the percentage of COD, turbidity and TSSremova
increased with increasing ferric chloride becausethe
production of Fe(OH)g(S) and hencean improvementin
theremova efficiency. However itisnoticed that in-
creasingferric chloridedosebeyond 2.5 ¢/l did not show
any significant effect on the percentage of COD, tur-

bidity and TSSremoval. Thiscan explained thefact
that, thereisaformation of equilibrium betweenferric
chloride doseand toxic pollutants present inthe waste-
watert?s,

Effect of agitation speed

The agitation speed isone of the most important
parameter that affectsthe chemical coagulation pro-
cess. In order to find out the optimum agitation speed
for thehigher remova efficiency of COD, turbidity and
TSS,; experimentswerecarried out invariousagitation
speed in the range of 20-40 rpm and results are de-
picted graphically in Figures 3-5. From theresults, it
wasfound that theremoval efficiency of COD, turbid-
ity and TSSwereincreased with increasing agitation
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speed upto 28 rpm. Thereafter, thereisadrastic de-
creaeinremova efficienciesof toxic pollutants. Thisis
dueto thefact that higher agiataion speed breaksthe
bond between the Fe(OH)g(S) and organic matters
present intherice processing Industry wastewater!*
Optimization

Simultaneousoptimization of themultipleresponses
wascarried out usng Derringer’s desired function meth-
odology. Thisnumerica optimization techniqueevau-
atesapoint that maximizesthedesirability function,
Accordingto BBD results, optima conditionsto obtain
themaximum remova of COD, turbidity and TSSwere
determined by Derringer’s desired function methodol-
ogy asfollowspH 7, ferric chloridedose of 2.5g/l, and
agitation speed of 30 rpm. Under these conditions, the
removal efficiency of COD, turbidity and TSSwere
found to be 90.80%, 87.35%, and 82.75% respec-
tively with adesirability value of 0.996.

CONCLUSIONS

Inthisstudy, BBD was employed to study and op-
timizetheprocessvariablessuch aspH, ferricchloride
dose and agitation speed on theremova COD, turbid-
ity and TSSfrom rice processingindustry wastewater
usingferricchloride. From theresults, it was observed
that, the process variabl es have significant effectson
the chemical coagulation process. Quadratic models
were devel oped for predicting theresponses. Optimum
set of the independent variables was obtained by
derringer’s desired function methodology in order to
removethemaximumlevesof COD, turbidity and TSS.
Theoptimal conditionswerefound to be: pH of 7, fer-
ric chloridedose of 2.5 g/l, and agitation speed of 30
rpm. Under these conditions, theremova efficiency of
COD, turbidity and TSSwere found to be 91%, 87%,
and 83% respectively. These results indicated that
chemica coagulation process can beused asaprimary
treatment for therice mill wastewater and an post treat-
ment techniqueisrequired for thereuse of it.
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