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ABSTRACT

Response surface methodology involving a 2* full factorial central
composite design was used to optimize the biosorption process of mercury
by FicusHispida L. Influence of various parameters such as temperature,
pH, biosorbent loading and initial mercury concentration on biosorption
processwas investigated. From the analysis of variance (ANOVA) results,
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the significance of various factors and their influence on the response
wereidentified. Theregression coefficient (R?) of the model was devel oped
and theresults of validation experiments conducted at optimum conditions
for the removal of mercury indicate that the predicted values are in good

agreement with the experimental results.
© 2013 Trade ScienceInc. - INDIA

INTRODUCTION

Industrial wastesandfertilizers can add excessive
amount of heavy metalsto the environment. Heavy
metalseven at very low concentrationsarehighly toxic,
and poseaseriousthrest to biotaand theenvironment!Y,
Among theheavy metals mercury hasthemost damag-
ing effectson human hedth. It can enter ahuman body
through uptake of food (65%), water (20%) and air
(15%)!2. Continuous absorption of mercury may cause
seriousinjuriesto health such asencepha opathy, kid-
ney damage and several otherg®4. Several methods
for theremoval of toxic metalsfromwastewatershave
been introduced and tried out!®. Techno-economic con-
Sderations haverestricted thewide sca e gppli cation of
thesemethodd®™. However; application of biosorption
has been proved to be an effectiveway to heavy meta
ionspollutiong®*4, Successful meta biosorption, with

avariety of biologica materidsincluding, microa gee,
seaweeds, bacteria, fungi, crop residues, and papaya
wood have beenreported®?. Thisstudy verifiesanew
biomass asmetd sorbent, and demonstratesits poten-
tia for efficient removal of Mercury from agueous so-
lution. Ficus Hispida treeleavesarein great supply,
inexpensveand easily available. Theseleaveshaveno
commercia usageand are not esten by livestock. Fac-
torsaffecting metal ionsuptake by asorbent in abatch
system includetemperature, pH, bi osorbent dosage,
initial mercury ion concentration™®, Thussevera fac-
tors should be optimized. Herethe major concernis
thelarge number of experimental runs. To resolvethis
problem, somevariables can bearbitrarily fixed. The
application of statistical design especidly, a2*full fac-
toria central compositedesign using response surface
methodol ogy was used for optimization of biosorption
process has comparatively rarely been reportedinlit-
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eraturesthan other approaches such asindustrial pro-
cessor analytical research’®%3, Thisstudy triesto de-
veopandfident method for achievingmaximumremova
of mercury ioninagueous sol utions. For thispurpose, by
usinga2*full factoria central compositedesignusing
response surface methodol ogy was proposed219,

EXPERIMENT

Prepar ation of biosor bent

TheFicusHispida L. leaveswere collected near
K.L University campusof Guntur, AndhraPradesh, In-
dia Leaveswerewashed with delonized water severa
timesto removedirt particles. Thenthedried leaves
were powdered using domestic grinder and the pow-
der sizeof 75-212 im, which were used as biosorbent
without any pretreatment for mercury biosorption.

Chemical

Analytica gradesof mercury, HCl and NaOH were
purchased from Merck (Mumbai, Maharastra, India).
Mercury ionswere prepared by dissolvingitscorre-
sponding nitrate st in distilled water. ThepH of solu-
tionswasadjusted with 0.1 N HCI and NaOH.

All theexperimentswere repeated fivetimesand
theaverageva ueshave been reported. Al so, blank ex-
perimentswere conducted to ensurethat no biosorption
wastaking place onthewallsof the apparatus used.

Apparatus

AnAtomicAbsorption Spectrophotometer (GBC
AvantaVer 1.32, Australia) was used for the determi-
nation of mercury ion concentration. AdsorbatepH and
adsorbent wel ght were measured using aSystronics pH
meter and aShimatzu el ectronic balance.

Batch biosor ption experiments

Experimenta mercury solutionsof desired concen-
trationswere prepared from the stock solutionwith the
appropriate dilutionsand the pH was adjusted to 6.1
with hydrochloric acid and sodium hydroxide.

Theeffect of agitationtimewith differentinitia con-
centration of Mercury was studied by agitating 30 ml of
different concentrationsof metal solutionwith 0.1g of
adsorbent of size 75im at 180 rpm for 1 h. At the end
of predetermined timeinterval sthe sorbent was sepa-
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rated by centrifugation and the Mercury remainingin
solution was andyzed by Atomic Absorption Spectro-
photometer (GBC Avanta Ver 1.32, Australia). The
same spectrophotometric method was used in the sub-
sequent experiments. Theamount of metal adsorbed
by Ficus Hispida L. was calculated from the differ-
ences between metal quantity added to the adsorbent
biomassand metal content of thesupernatant using the
followingequation:

Y,
a=(Co-C ), )
Whereqisthemetal uptake (mg/g); C,and C, theini-
tial andfina metal concentrationsinthe solution (mg/
L), respectively; V the solution volume (mL); M isthe
mass of adsorbent (g).

Central compositedesign (CCD)

With theidentification of the parameters having
thestatistically significant influence ontheresponsea
CCDU8 was used to optimize the level s of these pa-
rameters. Thefull CCD, based on three basic prin-
ciplesof anidea experimental design, primarily con-
sistsof (i) acomplete 2"factorial design, wherenis
the number of test parameters, (ii) n_ center points
(n,€’1) and (iii) two axial points the axis of each de-
sign parameters at adistance of 274 fromthedesign
center. The total number of design points is N=
2"+2n+n . For statistical calculations, the parameters
X, arecoded asx, according to Eq. (2):

X, =X-x [ Ax (i=1,2,3, ....k) 2
wherex. isdimensional value of anindependent pa-
rameter, X, isthereal value of anindependent param-
eter, X isthered value of theindependent parameter
at the center point and X isthe step change. The sec-
ond degreepolynomias(Eg. 3) areca culated with the
statistical package STATISTICA 6.0 (Stat-EaseInc.,
Tulsa, OK, USA) to estimate the response of the de-
pendent variable:

Y = bO + bl)(l + bZXZ + b3x3 + b4x4 + bll>(12

+b, X, ?+b X2+b, X 2+b X X +b X X,

22" "2 12771 "2

+b, XX +b X X.+b X X +b_ XX (3

WhereY ispredicted response, X, X, X, X, arein-
dependent parameter,b, isoffsetterm, b, b,, b,, b, are
linear effects, b, b,,, b, b, aresquared effectsand

b,,, b, b, b, b, b, areinteractionterms.
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RESULTSAND DISCUSSION

Development of regression model equation

Inthe present study, CCD for four variables (tem-
perature, pH, bbiosorbent dosage, Initia ion concentra
tion), eech withfivelevels(+1 for the factorial points, 0
for the center pointsand +_for the axial points), was
used astheexperimental desgn modd. Themode has
theadvantagethat it permitstheuseof rlativey few com-
binations of variablesfor determining thecomplex re-
sponsefunctionl*”. A total of 30 experimentswerere-
quired to beperformed to cal culate 14 coefficients of the
second order polynomid equation. Thebiosorption of
mercury ion estimated as bi osorption capacity of Ficus
Hispidawastaken astheresponse of the system.

Optimization of the selected parameters using
CCD

Theexperimentswith different pH valuesof 2— 10,
different mercury concentrationsof 20-100 mg/L, dif-
ferent biosorbent dosagesof 0.1-0.5 g/L and different
temperatures of 30-50 °C were coupled to each other
and varied smultaneoudy to cover the combination of
parametersinthe CCD. Thelevelsand ranges of the
chosenindependent parametersused intheexperiments
for theremova of mercury weregiveninTABLE 1. A
2*—factorial CCD design, with eight axial points (o=
“4) and six replications at the center points (N0=6)
mercuryingtoatotal number of 30 experiments(TABLE
2) was employed for the optimization of the param-
eters. Thecalcul ated regression equation for the opti-
mization of medium constituents showed that percent-
ageremoval of mercury (YY) wasfunction of thetem-
perature (X)), pH (X,), biosorbent loading (X,) and
initial concentration (X,). Multipleregressonanaysis
of theexperimentd dataresulted inthefollowing equa
tion for the biosorption of mercury:

Y =-346.66+ 21.713X  +0.548X,

+4.213X, +0.291X, -0.304X 2

-2.218X,%-134.896X 2 -0.006X 2

+0.424X X, -0.03X X, -0.001X,X,,

+12.825X X, +0.077X X, +0.12X X, 4
The coefficientsof the regression model were calcu-
lated and listedin TABLE 3. They contain one block
term, four linear, four quadraticand six interactionterms.
Thesgnificanceof each coefficient wasdetermined by
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student’s t-test and p-valuesand listedin TABLE 3.
Thelarger the magnitude of thet-valueand smaller the
p-value, the more significant wasthe corresponding
coefficient. Thisimpliesthat thelinear, quadratic and
interaction effectsof temperature, pH, biosorption dos-
ageandinitial concentration of mercury arehighly sg-
nificant asisevident from their respective p-vauesin
(TABLE 3). Theparity plot (Figure 1) showed asatis-
factory correlation between the experimenta and pre-
dicted valuesof percentageremova of mercury indi-
cating good agreement of model datawith the experi-
mental data. Theresultsof the second order response
surfacemodd , fittingintheform of ANOVA wereshown
inTABLE 4. TheFisher varianceratio, the F-value (=
S?1S7), isagatidtically valid measureto test thesig-
nificance and adequancy of themodd. Thegreater the
F-value aboveunity, it ismore certain that thefactors
adequately explain thevariation in the dataabout its
mean, and the estimated factor effectsarereal. The
ANOVA of theregress on modd demonstrated that the
model was highly significant, asisevident from the
Fisher’s F-test (Fmodel = 153.918) and avery low
probability value (Pmode > F=0.000000). Moreever,
the computed F-value (F ., .5, =S%Se*= 374.11)
wasgreater than thetabular F-value (F; i 1, 10) s =
2.46) at the 1% level, indi cating that thetreatment dif-
ferencesweresgnificant. Thecorrdation coefficient (R?)
providesameasureof themodelsvariability intheob-
served responsevalues. Thecloser theR?valueto 1,
the stronger themodel isand it predictstheresponse
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Figurel: Parity plot showingthedigtribution of observed vs.

predicted valuesof per centage biosor ption of mer cury with

FicusHispidaL.
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better. In this present study, the value of the correla-
tion coefficient (R2 = 0.9949) indicated that 99.49 %
of thevariability inthe response could be explained by
themodd. Inaddition, thevaue of the adjusted corre-
lation coefficient (Adj R? = 0.9884) wasa sovery high
to advocatefor ahigh significance of themode. From
TABLE 3itwasobserved that thelinear effectsof X
(p<0.05) and X, (p<0.05) are more significant when
compared to X, (p=0.851) and X, (p=0.86) and the
coefficients X 2, X > X 2, X Zaremoresignificant as
p<0.05. Among theinteractionterms X X,, X X, and

12
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XX, (p<0.05) werehighly sgnificant onthebiosorption
capecity.

TABLE 1: Experimental rangeand levelsof theindependent
parametersfor mer cury biosor ption onto FicusHispidal .

Range and L evel
22 -1 0 +1 +2
30 35 40 45 50
4 5 6 7 8
0.1 0.2 0.3 04 05
20 40 60 80 100

Independent Parameters

Temperature (X,), K

pH (X2)

Adsorbent Dosage (X3), g/L
Initial Concentration (X,), mg/L

TABLE 2: CCD matrix showing coded and real valuesalongwith theobser ved and predicted valuesfor per centagebiosor ption

of mercury with FicusHispidal.

RUN . Coded values Real values % Biosorption of mercury

X1 X2 X3 X4 X1 X, X3 Xa Observed Predicted
1 -1 -1 -1 -1 35 5 0.2 40 83.96 84.17625
2 -1 -1 -1 1 35 5 0.2 80 81.68 80.77458
3 -1 -1 1 -1 35 5 0.4 40 79.89 80.51625
4 -1 -1 1 1 35 5 0.4 80 77.96 78.07458
5 -1 1 -1 -1 35 7 0.2 40 73.14 72.99792
6 -1 1 -1 1 35 7 0.2 80 74.98 75.73625
7 -1 1 1 -1 35 7 0.4 40 74.42 74.46792
8 -1 1 1 1 35 7 0.4 80 78.02 78.16625
9 1 -1 -1 -1 45 5 0.2 40 78.02 77.77458
10 1 -1 -1 1 45 5 0.2 80 73.05 73.81292
11 1 -1 1 -1 45 5 0.4 40 73.46 73.51458
12 1 -1 1 1 45 5 0.4 80 70.47 70.51292
13 1 1 -1 -1 45 7 0.2 40 74.38 75.07625
14 1 1 -1 1 45 7 0.2 80 77.98 77.25459
15 1 1 1 -1 45 7 0.4 40 75.14 75.94625
16 1 1 1 1 45 7 0.4 80 78.49 79.08459
17 -2 0 0 0 30 6 0.3 60 62.74 62.66583
18 2 0 0 0 50 6 0.3 60 57.82 57.1825
19 0 -2 0 0 40 4 0.3 60 82.78 82.8025
20 0 2 0 0 40 8 0.3 60 80.93 80.19583
21 0 0 -2 0 40 6 0.1 60 85.74 85.88917
22 0 0 2 0 40 6 0.5 60 84.92 84.05917
23 0 0 0 -2 40 6 0.3 20 81.38 80.70583
24 0 0 0 2 40 6 0.3 100 80.48 80.4425
25 0 0 0 0 40 6 0.3 60 90.37 90.37
26 0 0 0 0 40 6 0.3 60 90.37 90.37
27 0 0 0 0 40 6 0.3 60 90.37 90.37
28 0 0 0 0 40 6 0.3 60 90.37 90.37
29 0 0 0 0 40 6 0.3 60 90.37 90.37
30 0 0 0 0 40 6 0.3 60 90.37 90.37

X,= Temperature, X,= pH, X,= Biosorbent dosage, X,= Initial Concentration
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TABLE 3 : Coefficients, t-statististics and significance
probability of themodd for biosor ption of mercury ontoFicus
HispidalL.

Standard
Term Coefficient Value  error of t-value p-value

coefficient
Constant bo -346.66 21.73984 -15.9459 0.000000a
X1 by 21713  0.66474  32.6629 0.000000a
X b -0.304 0.00748 -40.6852 0.000000a
X2 b, 0548 286291 01915  0.8516
X2 bz 2218  0.18708 -11.8542 0.000000a
X3 bs 4213 2333923 0.1805  0.86005
Xs* b -134.896 18.70816 -7.2105 0.000017a
Xa by 0291 01167 24928 0.029888a
X Das -0.006  0.00047 -13.0903 0.000000a
X1*X2 b1 0.424  0.03908 10.8495 0.000000a
X1* X3 b3 0.3 0.3908  -0.7677 0.458854
X1*Xaq b1s -0.001  0.00195 -0.7165 0.488629
X2* X3 b3 12.825  1.954 6.5634  0.000041a
X2*Xa bas 0.077 0.00977  7.8557 0.000008a
X3* Xa P4 0.12 0.0977 1.2282  0.244986

X,= Temperature, X,= pH, X_= Biosorbent dosage, X = Initial
Concentration. 2Significant (pd”0.05)

I nter action effectsof biosor ption variables

The biosorption capacitiesof the present biosorbent
over different combinationsof independent variables
werevisuaized through three-dimensiona view of re-
sponse surfaceplots (Figures 2-7). Theplots (Figures
2-7) wererepresented asafunction of twofactorsat a
time, holding other factorsat afixed level. All there-
sponsesurfaceplotsreveded that at low and highlev-
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Figure 2 : Response surface plot of the effects of pH and
temperatureon per centagebiosor ption of mer cury by Ficus
HispidalL.

TABLE 4 : ANOVA for the entire quadratic model for
biosor ption of mercury onto FicusHispidal .

Source  Sum of Degrees Mean

of squUares ¢ 1om Sauares F-value Probe>F

variation  (SS) (D.F) (MS)

Modéel 1316.616 14 94.044 153.918 0.00000
Error 6.72 15 0.611

Totad 1323.336 29

R*=0.9949; Adjusted R*=0.9884; F . =Sr2/Se?=153.918>
F Tabular = 2.46; Pmodel > F = 0.000000

0.01(14,15)

TABLE 5 : Optimum values of variables obtained from
regression equationsfor theremoval of mercury by Ficus
HispidalL.

Optimum value for

Parameter

mer cury
Temperature, °C 39.32
pH 5.64
Biosorbent loading, g 0.26
Inr]mg/l zLaI mercury concentration, 5721
% Biosorption Predicted 90.6639
% Biosorption Observed 89.12

elsof thevariablesthe capacity of the adsorbent was
minimal, however, it was noted that thereexisted are-
gionwhereneither anincreasing nor adecreasing trend
in the biosorption capacity was observed. This phe-
nomenon conformsthat therewas an existence of opti-
mum for thebi osorption variablesin order to maximize
the biosorption capacity. Also there existed adirect

B 40
Figure 3: Responsesurfaceplot of the effects of biosor bent
dosageand temper atur eon per centage biosor ption of mercury
by FicusHispidaL.
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Figure 4 : Response surface plot of the effects of inicial
metal concentration and temperature on percentage

biosor ption of mercury by FicusHispidaL .
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Figure 6 : Response surface plot of the effects of inicial
metal concentration and pH on per centage biosor ption of
mercury by FicusHispidalL.

proportiona relationship between thetemperatureand
pH (X, and X,), pH and biosorbent dosage (X, and
X,) and pH and Initia ion concentration (X, and X,)
on themercury ion uptake. Theseinteractionswere
also substantiated by thefact that the interaction be-
tween them werevery significant (p < 0.5) and was
found to be solely responsiblefor achieving arela-
tively high mercury ion uptake as predicted by the
model and the response contour plots(Figures2,6,7).
The curved contour lines showed that there was an
interaction between the temperature and pH (X, and
X,), pH and biosorbent dosage (X, and X,) and pH
and Initia ion concentration (X, and X ). Furthermore,
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Figure5: Responsesurfaceplot of the effects of biosor bent
dosageand pH on per centage biosor ption of mercury by Ficus
HispidalL.
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Figure 7 : Response surface plot of the effects of inicial
metal concentration and biosor bent dosage on per centage
biosor ption of mercury by FicusHispidal.

amoderate interaction wasfound between tempera-
ture and biosorbent dosage (X, and X,), temperature
and Initid ion concentration (X, and X,) and biosorbent
dosage and initial ion concentration (X,and X,) as
shown in Figures 3, 4, 5. The maximum predicted
bi osorption cgpacity for optimum biosorption variables
was obtained through point prediction method and
surface response plotsare given in TABLE 5. The
biosorption experiment was then performed at the
optimized process conditions and it was found that
the experimental dataobtained waswell represented
by the present model Equation 4.
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CONCLUSION

Thedevel opment of amathematical modd for mer-
cury biosorption process simulation and optimization
onthebassof Satistical design of experimentsappears
to beauseful tool for prediction and understanding of
theinteraction effectsbetween experimentd parameters.
Response surface methodol ogy and the central com-
positedesign were appropriatefor determining theop-
timal conditionsfor mercury ionsbiosorption onto Fi-
cusHispida L. Theoptimal conditionsof biosorption
established by RSM areasfollows: pH =5.64, initial
concentration of mercury in agueoussolution=57.21
mg/L., biosorbent dosage = 0.26 g/L. and temperature
= 39.32°C. The extent of biosorption of mercury at
these optimum conditionswas 90.6636% and the ex-
perimental percentage biosorption at these optimum
valueswas89.12.
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