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ABSTRACT KEYWORDS
The present study isfocused on eval uation and optimization of biosorption Biosorption;
of hexavalent chromium (Cr (V1)) using marine algae, Sargassum sp. Sargassum sp;

Chromium(V1);
Full factorial design (FFD);
Central composite design

Biosorption kinetics of Cr (V1) was studied using Langmuir and freundlich
isotherms. It was found that the adsorption of Cr (V1) by Sargassum sp.
could be model ed effectively by Langmuir isotherms (R2 value of 0.994). A

Full Factorial Design (FFD) was used to determinethe significance of process (CCD);
parameterslike, pH, biomass concentration and biomassimmobilization on Response surface method
biosorption efficiency. It was found that pH has the maximum effect on (RSW).

biosorption efficiency whereasimmobilizing the biomass did not seemto be
significant. Central Composite Design (CCD) followed by response surface
methodology (RSM) was employed to investigate the process conditions
for maximum chromium adsorption. The optimum conditions for the
biosorption werefound to be pH 1.17 and biomass concentration of 0.3% at
aninitial Chromium concentration of 100ppm.
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INTRODUCTION mium contai ning effluentsare mostly discharged from
electroplating and tanningindustried®. Thustheremova
of Cr (VI) fromindustrial wastewater isessential be-

foredischargingitintowater¥. Conventiona technolo-

Wagtewater contaminated with heavy metd isacom-
mon environmentd hazard. Themetd ionsthat aredis-

solved in wastewater reach thetop of thefood chain
(Bioaccumulation) and thusbecomeathreat to human
health asthey aretoxic!l. Heavy metalsarereleased
duringindustria and mining processes, which arethregt
to living organisms. It therefore becomesimportant to
develop technologiesfor effectiveremoval of heavy
metalsfrom waste waterg?. Chromiumisconsidered
to be atoxic metal and amicroelement. Hexaval ent
chromiumismoretoxic thantrivaent chromium. Chro-

gies are not effective asthey cannot be used for the
removal of metal concentrationssmaler than 100mg/l.
Moreover, they are expensive and requirewide spaces
foringdlation, which resultsinahigh production of sew-
age which hasto be discharged®. Seaweeds, agricul-
ture by-products and wastes, together with other ma-
teridslikebracken fern or lignin have been proposed
aslow cost aternativesto traditional methods®. Ma-
rine macro algae have been chosen, among many
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biosorbents, dueto their high binding ability and low
cost. Moreover, an adequate reinforcement of seaweeds
can provide anincreasein their adsorption capacity,
dtabilization and atrition characteristics, makingthisbio-
mass suitablefor practical uses™. Theraw agal biom-
assisstabilized by the main cations present in seawa-
ter, such us, Na+,K+,Ca2+ and Mg2+. Asaresult of
smplephysical treatment with acid, protonssubstitute
theseionsbound to active sites, and then, anincrease
in the maximum adsorption capacity and animprove-
ment in the biomass stability are obtained®.

Brown agae are one of the most commonly used
biosorbents Sargassum muticumislarge brown sea-
weed, varying in colour from dark brownto pale, ye-
lowish brown depending on the season and the grow-
ing conditions. Theraw and protonated S. muticum have
also been used for the treatment of real wastewaters
from aneectroplatingindustry'®. Itistypicalyfoundin
tropical countriesand abundant in coastdl areas, and it
iseasly collected on beacheswithout any environmen-
tal damage”.

Nonviablebiomassisnot biologicdly activeandits
metal uptake can beregarded asapassive adsorption
process and, thus, be correlated with mathematical
sorption model sasthe Langmuir and Freundlich equa-
tiond*¥. Freundlich and Langmuir isothermsaretheear-
liest and smplest known rel ationships describing the
adsorption equation. TheLangmuir isotherm represents
theequilibrium distribution of metal ionsbetweenthe
solid and liquid phases. The Freundlichisotherm modd
isused to estimate the adsorption intensity of the sor-
bent towardsthe adsorbent!*Y. Biosorptive metal up-
take can be quantitatively evaluated from the above
stated experimenta biosorption equilibriumisotherms.
Thetwo widely accepted modelsfor single solutesys-
tems, the Langmuir and Freundlichisotherms, arede-
scribed by Equations. (1) and (2), respectively:

g* =(gmaxbC*)/(1+bC*) D
wheregmax and b are Langmuir constants
Q° = a{C")" @

and aand n arethe Freundlich constants*2.
Optimization of biosorption of heavy metdsby the
dassicd method involveschanging oneindependent vari-
ablewhilemaintainingdl othersat afixedleve whichis
extremely time consuming and expensivefor alarge
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number of variables. To overcomethisdifficulty, ex-
perimental Central composite design under response
surface methodol ogy can be employed to optimizethe
biosorption of heavy metd$*3. Inamultivariate experi-
ment, al of theimportant variablesare changed during
each run of trials. The need for thisarises becausethe
variables often interact with each other. Thiswill show
thebest direction to movewithinthe multidimensional
spacedeined by the major variables™.

The objective of the present work isto study the
kinetic parametersand optimize biosorption of Cr (V1)
in agueous sol ution by using Sargassum sp. inabatch
experiment. Kinetic modeling of Sargassum sp. was
studied using mathematical models; Langmuir and
Freundlich equations. Optimization experimentswere
carried out by maintaining fixed concentrations of Cr
(V1) (100ppm) and by optimizing for pH and biomass
concentrations. A central compositedesign (CCD) fol-
lowed by response surface methodology (RSM) em-
ployed to optimize process parameters.

MATERIALSAND METHODS

Chemical reagents

Pottasium dichromate (K Cr,O.), Calcium Chlo-
ride (CaCl,), sodium alginate and 1, 5
Diphenylcarbazide (GR) werethe predominant chemi-
casusedfor thestudy. All chemicdsusedinthisstudy
wereanaytical grade and were purchased fromMerck
IndiaPvt. Ltd.

Pr etr eatment of biomass

Brown seaweed, Sargassum sp. collected fromthe
west coastal region, Udupi, Karnataka, India. The col-
lected seaweed was extensively washed with distilled
water toremove particulatemateria, and dried at 50°C
for 24hinhot air oven. Thedried biomasswas soaked
in0.2M CaCl, solution toincreasetheion exchange
efficiency, the solution again kept for dryingin hot air
ovenat 70°C for 24 hours. The oven dried sample was
ground, collected and stored in airtight containers at
room temperature.

Immobilization of biomass

Alginate solutionwas prepared by dissolving 4 g of
aginate (sodiumsat) in 100 ml of distilled water with
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constant stirring to avoid formation of lumps. Theequa
quantity of pretreated algal biomass(4g) wasmixed
with sodium aginatesol ution under stirring conditionto
have auniform mixture and dropped in to 6% CaCl2
solution using 3mm syringes. Theimmobilized beads
werewashed with water and stored at 40°C.

Prepar ation of stock solution

The stock solution of chromium (1000 ppm) was
prepared by dissolving an accurate quantity of K,Cr,O,
indeonized distilled water. Chromium solutionsof dif-
ferent concentrationswere obtained by diluting thestock
solution.

Batch biosor ption studies

In thebi osorption batch experiments, 0.1 g of 0.2M
CaCl, treated Sargassum sp. were added toa100 mL
metal solution of varying concentration, of which pH
wasmaintained or initialy adjusted at 2.0. Thesolution
wasthen stirred at 250 rpm. The sampleswerewith-
drawn at different timeintervals. TheCr (V1) concen-
tration was determined by standard colorimetric
method*®. This procedureis meant to measureonly
hexaval ent chromium present in sol ution by the reac-
tionwith 1, 5 diphenylcarbazideintheacid medium. A
red-violet complex isformed, theabsorbance measured
at 540 nm. Percentage of metal removal at any instant
of timewasdetermined by thefoll owing equation:

Heavy metal removal (%) = ((Ci-Cf)/Cf)* 100 3)
Where, Ci and Cf represent initial andfinal meta con-
centration (mg/L) at any instant of time, respectively.

Kineticstudies

0.1g of pretreated Sargassum sp was mixed with
100 mL of Cr (V1) solution of different concentrations:
25, 50, 100, 150, 200, 250 ppm. The experiment was
carried out at aconstant agitation of 250 rpm and pH
was maintained at aconstant value of 1.5. Aliquotsof
sampleswerecollected at different timeintervalsfrom
each flask (from 25 to 250 ppm) to determine Cr (V1)
concentration.

Theadsorption dataobtained from biosorption stud-
ieswasanayzed using Langmuir and Freundlichiso-
therm models. Freundlich and Langmuir isothermisthe
(traditiond) earliest and smplest known modd explains
the characteristicsof adsorption. Thelinearized form of
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Langmuir equation (Eq. 4), helpsto predict the charac-
teristicsof adsorption material and the Langmuir con-
dants.
(Cen/q) = (Lgmaxb)+(Ceq/gmax) 4)
whereqisamount of metal accumulated by biosorbent
materid (Mmg/g); Cegisthemetd residua concentration
insolution (mg/L); gmax isthe maximum specific up-
take corresponding to the site of saturation (mg/g) and
bisLangmuir equation constant which representsratio
of adsorption and desorption rates.
TheFreundlichisothermiswell known model fits
for sorption of metalsto heterogeneous surfacesor sur-
faces supporting sites of varied affinities. It isassumed
that the stronger binding sites are occupied first and
that binding strength decreaseswith theincreasing de-
gree of site occupation. The linearized form of the
Freundlich equation was used to analysisthe data ob-
tained from biosorption studies(Eq. 5).
L og Qe=logkf + (1/nlogCe) (5)
Where, Ceistheequilibrium concentration of thead-
sorbate (mg/L) and Qe is the amount of adsorbate
adsorbed per unit mass of adsorbent (mg/g), Kf andn
are Freundlich equilibrium coefficients.

Satistical analysis

Theconditionsfor thebiosorption of chromiumfrom
aqueous solutions of K2Cr207 were evaluated using
datidtica optimizationtechniques. Thethreefactors viz.,
pH, concentration of biomassandimmobilization of bio-
mass aretested for the biosorption of chromium and
their corresponding rangesareshowninthe TABLE 1.
A 23full factoria design (FFD) yielding eight sets of
experimentswasempl oyed to predict thesignificant fac-
tors contributing affecting biosorption of chromium. To
predict the optimal valueof pH (2-9) and biomass con-
centration (0.1-0.5), acentra compositedesign (CCD)
with five coded levelswasimplemented (TABLE 1).
Thecentral composite design employed pH and biom-
assconcentrations as parametersin order tofit anem-
pirical second-order polynomia mode (TABLE 1).

Thequadratic equation for predicting themodel be-
havior isof theform
Y:blxl+b2xz+bllxlz+b22X22+bllexz
whereY istheresponsevariable, bistheregression
coefficient, and x isthe coded level of theindependent
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TABLE 1: Variableswith uncoded valuesfor full factorial design (FFD) and central compositedesign (CCD)

FFD levels CCD Levels
Parameter -1 1 -0 -1 0 1 [
pH (A) 2 9 2 4 6 7
% Biomass (B) 0.1 0.5 0.02 0.1 0.3 0.5 0.58
Immobilization(C) No Yes not considered for CCD

variable®. A second order model equation obtained
for biosorption of chromiumusingMINITAB 15 was
al so used to describe response surface methodol ogy.
Statistical significance of thetermsintheregression
equationswasexamined

RESULTSAND DISCUSSION

Effect of initial concentration on biosor ption

Theeffect of initid concentration (25-250ppm) of
chromium sol ution on biosorption by Sargassum spwas
sudied. Theinitial concentration of meta solution gen-
eratesanimportant driving forceto overcomeall mass
transfer resistance of Cr(V1) between theaqueousand
solid phases. Theinitia biosorption rate of Cr(V1) by
Sargassum sp increased withincreasinginitia Cr(V1)
concentrationwhichisdepictedin Figure 1(a& b).
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Theisothermsof experimenta resultsareshownin
Figure 2aand Figure 2b. Thebehavior of biosorption
characteristics of biomass was explained well with
Langmuir isotherm model compared to freundlichiso-
therm.

Satistical analysis
Full factorial design (FFD)

Adsorption of chromium metal ionsdependsonthe
surfaceares, it exposed and pH of the solution. Hence,
thesurfaceareato adsorption wasvaried viaimmobili-
zation of gae (dried) inalginate. Theglobal optimum
value of adsorption of chromiumionswasinvestigated
by varying pH, biomass concentration and immobiliza-
tion betweentwolevels(cf. TABLE 2). Onefactor at a
timedesign cannot be used to inthiscase sincefactor-
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Figurelaand 1b : Biosorption kineticsat initial concentration (100ppm) by sargassum sp

factor interaction and errors associ ated with each batch
dominatestheindividual factor response. Moreove,
parametersarelessthan five; hencethefactoria design
hasto be adopted than other screening techniques, such
as Plackett-Burman design, to predict the significance
of parameterson chromium adsorption. Hence, full fac-
torial design approach (23) was employed to predict
the significant factorsresultingin themaximum adsorp-
tionof chromiumwithinteraction data. Theresultswere

analyzed using MINITAB 14. Percentage chromium
adsorbed was cal culated using equation 3. The experi-
mental runswererandomized to minimizetheerrorsin
theresponse (TABLE 2). It was observed that theto-
tal chromium adsorbed varied from 20.31 %t0 97.91
% intheexperimenta runs performed.

Regr ession coefficientsand main effect
Based on the data obtained, main effectsand coef-
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Figurezaand 2b : Langmuir isotherm for biosorption of cr(V1) by sargassum species (gmax=100; b=0.32; R2=0994) and
Freundlich isothermfor biosor ption of cr (V1) by sargassum species (n=3.38; kf=4.327; R2=86.8)

TABLE 2: Experimental design for FFD with responseresults

Variables % chromium adsorbed
Run pH Biomass | Immobilization PR
Response 1 Response 2 Response
1 ] 0.1 No 34.11 33.18 33.64
2 9 0.5 No 30.70 23.10 26.90
3 ] 0.1 Yes 33.18 20.31 26.74
4 2 0.1 Yes 38.60 54.26 56.43
5 2 01 No 68.06 71.32 69.69
6 9 0.5 Yes 40.00 42 48 41.24
7 2 0.5 Yes 95.04 97.05 96.05
8 2 0.5 No 97.83 97.98 97.91
TABLE 3: Sdection of asatisfactory modd for Cr (V1) removal, ANOVA table
Regression coefficients ANOVA Table
Term Effect Coefficient T P Source DF F P
Constant 56.1 55.06 0.000 | Main Effects 3 2133 0.000
A -47.95 -23.98 -23.53 0.000 | 2-Way Interactions 3 25.93 0.000
B 18.83 9.42 9.24 0.000 | 3-Way Interactions | 1.42 0.268
& -1.96 -0.98 -0.96 0.364 | Residual Error 8
A*B -14.95 -7.48 -7.34 0.000 | Pure Error 8
A*C 5.68 2.84 2.79 0.024 | Total 15
B*C 8.2 4.1 4.02 0.004
A*B*C 242 1.21 1.19 0.268
R square = 98.90% F crit (0.05,1,8) = 5.317
R square(predicted) = 95.60% T crit (0.05,8) =2.306

ficientsfor themodd equation (Eq. 2) werecalculated  deviations of the average between highand low levels
and presented in TABLE 3. Themain effectsrepresent  for respective variables'”. Thecodified equationfor a
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2°FFD modd is
Y=BO+ B1x1+ B2x2+ B3X3+ B12X1X2+ ﬁ
+l;23X2X3+l;123X1X2X3 (2)

In the above equation, B0 represents the global
mean and 1, B2, B3, ... p123 representstheregres-
sion coefficient corresponding to the main factor ef-
fectsand interactions*¥. The predicted mode (Eqg. 3)
could explaintheexperimenta behaviour of thesignifi-
cant parameters on chromium adsorption and R2 of

the predicted model is0.99.
Y=56.1-23.98X +9.42X,-0.98X -7.48X X,
+2.84X X+ 4.1X X +1.21X X X

12" 3

Analysisof variance (ANOVA)

The significance of the model was tested using
ANOVA (TABLE 3). TABLE 3 showsthat themain
effectsand thetwo way interactionswere of 95%sig-
nificant (p<0.05). Themain effect of immobilization of
biomassandthreeway interactionwereinsgnificant with
95% confidence (p>0.05). Hence, the predicted mode
canbere-writtenondimination of theinggnificant terms

X X

1371 '3

©)

Pareto Chart of the Standardized Effects
(response is Resp, Alpha = 0.05)
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as,
Y=56.1-23.98X +9.42X ,-7.48X X +2.84X X +4.1X X,
Thegoodness of fit can beinterpreted from the R?
value and R? value of the modified model was 98.9.
The R2 isthe proportion of variability intheresponse
value explaned by themodel*®l, Hence, the predi cted
model can ableto explain 98.9 % variationinthe per-
centage chromium adsorption. Fvalue of themode at
95% confidencelevel (Fcalc) is213.3which higher than
that of thetablevalue (Fcrit (0.05,1,8) =5.317) con-
firmed the adequacy of the model. Higher F value
(=25.93) was observed for 2 way interactionswhich
indicatesthesignificanceof interaction, whereas3way
interactionswasfound to beinsignificant. Student’s t-
test was employed to find the rel ative importance of
individual parametersand their interaction andthere-
sultsareillustratedin Pareto chart (Figure 3). In Pareto
chart, avertica lineindicates 95% confidencelevel (for
n=8) and the corresponding t-valueis 2.306. Fromthe
Pareto chart, it was evident that immobilization of cell

Main Effects Plot for Resp

Data Means

1 1

Half Normal Plot of the Standardized Effects
(response is Resp, Alpha = 0.05)

L

=

Percent

cBYBBLE ¥ B B

©

Sr 10 S .‘:) -]
Absolute Standardized Effect

Figure 3: Pareto chart of effectson the chromium removal efficiency %. (A: pH, B: biomass concentration and C:
immobilization), b. main effectsplot, c. interaction plot for responseand d. half normal probability plot
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TABLE 4 : Experimental design (coded and uncoded levels) and results of the central composite design (CCD) for the

adsor ption of chromium (%)

pH Biomass Y (% Cr adsorbed)

Average

Coded | Uncoded Coded | Uncoded Response 1 | Response 2 Response
-1 2 -1 0.1 62.95 69.77 66.36
I 6 -1 0.1 26.05 28.84 27.45
-1 2 I 0.5 99.07 93.64 96.36
I 6 I 0.5 53.33 54.57 53.95
0 - 0 0.3 63.88 63.41 63.65
0 - 0 0.3 61.09 60.31 60.70
0 - 0 0.3 56.59 65.58 61.09
-0 1.2 0 0.3 97.05 97.52 97.29
A 6.8 0 0.3 50.85 56.12 53.49
0 4 -0 0.02 26.20 30.54 28.37
0 - ¥l 0.58 29.30 38.45 33.88
0 - 0 0.3 62.48 55.35 58.92
0 - 0 0.3 61.24 60.00 60.62
0 - 0 0.3 64.50 61.24 62.87

and 3- way interactionswererdatively insgnificant on
percentage of chromium adsorption. Fromfull factoria
design, it wasevident that pH hasthe maximum signifi-
cance on biosorption of chromium followed by con-
centration of biomass. Immobilization of algal biomass
doesn’t improve the efficiency. Hence, pH and biom-
ass concentration werefurther carried out for optimi-
zation studies. To optimizethe conditionsfor maximum
chromium adsorption, central composite design was
employed with thesetwo parameters.

Central compositedesign (CCD)

Central compositedesign (CCD) was used to op-
timizethe significant parameter obtained fromfull fac-
torial design (FFD). Further optimization of Cr (V1)
removal wasdone by considering four corner points
(2n, four axia points(2n) and 6 replicatesat the centre
point for each of thetwo variables, giving riseto four-
teenrunsinasingleset of theexperiment. Thevariable
n representsthe number of variablesand in thisstudy,

pH and biomass concentration wereconsdered asvari-
ables(n=2). Fromthe FFD reaullts, it isevident that pH
greater than 7 (alkalinity) doesnot help inimproving
theadsorption efficiency, thereforetheacidic pH (range
from 1.2t0 6.8) was selected for CCD.

Biomass concentration was operated in therange
between 0.02 and 0.58. The complete experimental
designandresultsareshownin TABLE 4. Regression
andys swasconducted tofit theresponsefunctionwith
the experimental data. In order to check the statistical
significance of the second-order model equation, F-
test (ANOVA) wasdoneand dataisshownin TABLE
5.

Ananalysisof variance (ANOVA) of regression
model was conducted to determinethe significant ef-
fect of each variable on the response. The ANOVA
tableand regressi on coefficientsfor the quadratic mode
equationsareshownin TABLE 5. To check thesignifi-
canceof themode andindividua terms, Fvauesandt
valueswere compared with standard tabular val ues.
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TABLE5: Analysisof variance (ANOVA) for full quadr atic equation

Regression Coefficients ANOVA Table
Term Coef L P Source DF F P
Constant 61.3049 75.680 | 0.000 | Blocks 1 1.610 0.218
Block 0.6733 1.270 [ 0.218 | Regression 3 218.270 0.000
pH -16.0536 | -22.884 | 0.000 | Linear 2 332.600 0.000
Biomass 8.3462 11.897 [ 0.000 | Square 2 206.490 0.000
pH*pH 7.4415 10.191 | 0.000 | Interaction 1 13.160 0.002
Biomass*Biomass -12.2271 | -16.745 | 0.000 | Residual Error 21
pH*Biomass 3.5988 3.627 | 0.002 | Lack-of-Fit 3 1.510 0.246
Pure Error 18
Total 27
R square value 98.11% F crit (0.05,5,21) = 2.685
R square (predicted) 96.76% T crit (0.05,21) = 2.079

L7

100

06

The ANOVA resultsindicate that high R? value
(98.11%) for theresponseisanindication of good fit
modédl. It dso explainsthat 98% of thevariability inthe
response could beexplaned by themodd . TheFvaue
for themodel (218.27) ishigher than that of thetable
value (Fcrit (0.05, 5, 21) = 2.685) confirms the ad-
equacy of themodd. ANOVA tablea soindicatesthe
insgnificant Fvaluefor ‘Lack of fit’ (1.510). The lack
of fit measuresthefailureof themodd to represent data
inthe experimenta domain at pointswhicharenotin-

Contour Plot of Y (%) vs Biomass, pH

Biomass

w4
o A4

? 3 4

pH
Figure4: Responsesurfaceand contour plotsof pH and biomassconcentration on adsor ption of chromium (V1) with the
remaining factorsheld constant at themiddleleve of the central compositeexperimental design in response surfacemethod-
ology

cluded inthe model™®. In other words, based on the
lack of fit, it can be concluded that thegivenmodd isa
good fit for predicting the responsefor valueswhich
arenot includedinthe CCD. Moreover it can also be
established fromthemodd that for Cr (VI) removd, al
themain effectsand second order effectswere signifi-
cant modd terms. Thefind mathematica modd interms
of actual factorsasdetermined by MINITAB software
isshown below

Y=61.3049-16.0536X,+8.3462X +7.4415X >
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Response surface plots

Themain aim of response surface plotsisto dem-
ongtratetheeffect of processvariableson theresponse
and to find out optimum parameter valuesat whichre-
sponseismaximized. Toinvestigate the effects of the
two factorson the adsorption of chromium, theresponse
surface methodol ogy and 3D plotswereused. ANOVA
resultsreveal that pH and biomass concentration was
found to have significant effects on the adsorption of
chromium. 3D surfaceplot of pH against biomass con-
centration wasplotted usng theMinitab 14.0 (trid ver-
sion) software (Figure4 a& b). Fromthe surface plot
it was observed that as biomass concentration (%) is
increased from 0.1to0 0.5, the % chromium adsorbed
initialy increased and then decreased after aparticular
biomass concentration (0.3%). Henceit can be estab-
lished that abiomass concentration of 0.3% wasfound
to be optimum for Cr (V1) adsorption by Sargassum
sp. Thismay be duethefact that with 0.3% biomass
concentration amost dl the chromium would have got
adsorbed, therefore further increasein biomass con-
centrationwill not result inincreased chromium adsorp-
tion efficiency. It was observed that pH hasamaximum
effect on chromium adsorption. It wasfound that at any
given biomass concentration, pH boreanegative effect
ontheresponsg, i.e., asthe pH increased the adsorp-
tion efficiency decreased. Thismay bedueto therea-
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son stated abovein section dealing with FFD results.
Optimization

Optimum parameter conditionsat which chromium
adsorptionismaximized werecdculated by utilizing the
quadratic model equation obtained fromthe CCD. By
applying themethod of desirability function, optimum
conditionswere determined. Response optimizer plot
isshownin Figure5. To achieve 99% chromium ad-
sorption pH of 1.17 and 0.3% of biomass concentra-
tion wasfound out to be optimum conditionswith de-
sirability of 1.00.

Validation

The adequacy of themodel for predictingthere-
sponsewas validated using recommended optimum
condition. Experiment carried out at optimum condi-
tions (pH 1.17 and biomass concentration of 0.3%)
resulted in 98.17% chromium adsorption. Thissuggests
that by performing optimization studiesusng CCD has
significantly improved thebiosorption capacity of Sar-
gassum sp. biomasstowards chromium.

DISCUSSION

When theinitia Cr(VI) concentrationincreased
from 25t0 120 mg/L, the uptake of chromiumincreased
from 29.07 t0 98.84mg/g. Since cdlsoffer afinitenum-
ber of surface binding sites, uptake showed saturation
at higher metal ion concentrations. The present study
showed similarity resultswith Bermidez etal. (2012)1.
Thereason for increasein biosorption of initial metal
concentration by biomassisbecauseat low concentra-
tionsof sorbate, theratio of theinitial number of moles
of meta ionstotheavailablesurfaceareaislarger and
subsequently thefractiona biosorption becomesinde-
pendent of initial concentrations. However, at higher
concentrationsthe availablesitesfor biosorption be-
comefewer, and hencethe percentageremova of metd
ionsdependsupontheinitia concentration!4,

Theexperimentd resultsconfirmed theuniformac-
tive surface present in the biomass and hence, it could
not explain Freundlichmode characteristics. Thevaue
of gmax, themaximum vaueof ge, isimportant toiden-
tify which biosorbent showsthe highest meta uptake
capacity when alarge scalereactor systemisconsid-

e Snoivonmental Science

Hn Tndéan g%wumé



272

Current Research Peper

ered. Themaximum capacity (gmax) defined astheto-
tal cgpacity of biosorbent for hexavaent chromium. The
data of sorption isotherm cannot be compared with
other worksdueto the variation in the experimental
conditions. Langmuir constant (b) indicatestheaffinity
of absorbent for the binding of Cr (V1) ions (simply
strong bonding of Cr (V1) to Sargassum sp biomass) at
givenexperimental conditions. Langmuir biosorptioniso-
thermsfitted well withthe Cr (V1) ion uptakesby Sar-
gassum sp withthemeta concentration ranging from
25-250 ppm. The correlation coefficients of the
Langmuir curvesweredidinctly higher. Theexperimenta
observationimpliesthat themonol ayer biosorptionwere
occurred on the surface of biomass and therewasno
interactions between adsorbed metal ions, hence, the
adsorbed meta ionshasno influence ontherate of ad-
sorption.

Upon gtatistica analysisusing FFD, it could be ob-
served that the negativesignintheco-efficient of main
effects(pH) indicated that the adsorption of chromium
was maximum at lower level (-1) of pH compared to
itshigher level (+1), i.e., the system pH increased from
low to high, i.e., from pH 2 to pH 9, the adsorption
efficiency was decreased. In other words, the acidic
conditionsfavoured thechromium adsorption. Itisdue
thefact that pH determinesthebinding of metal ionsto
thecdll wall metd binding sites® and as pH decreases,
the net negative charges on the surface of the biomass
goesonincreasing which attracts positively charged
chromium (V1) ions?Y. Percentage of chromium
bi osorption increased on changing the biomass con-
centrationfromlow (0.1%) leve to high (0.5%) level.
Theavallability of |largesurface areafor adsorption could
increase the chromium adsorptionin algal biomass.
Immobilization of the biomasshas not improved the
percentage of biosorption of chromium andit might due
to masstransfer problem dueto entragpment. However,
other typesof immobilization of algd biomass, viz.,im-
mobilizeonthesurfaceof inert materidsor by covaent
binding are poss bletypes of immobilization might in-
creasetheadsorption of chromium. Fromfull factoria
design, it wasevident that pH hasthe maximum signifi-
cance on biosorption of chromium followed by con-
centration of biomass. Immobilization of alga biomass
doesn’t improve the efficiency. Hence, pH and biom-
ass concentration werefurther carried out for optimi-

Evaluation of process parameters for biosorption of chromium (VI)

ESAIJ, 9(8) 2014

zationstudies.

Upon evauationusing CCD, TheANOVA results
proved that thismodel was appropriate. Additional,
ANOVA andys ssuggested that the adsorption of chro-
mium was primarily determined by thelinear termspH
and biomass concentration of themode, and alsoindi-
cated that the quadrati c terms of biomass concentra-
tion carried anegative sign and hencetheeffect can be
considered to be negligible. In other words, based on
thelack of fit, it can be concluded that the given model
isagoodfit for predicting theresponsefor vaueswhich
arenot includedinthe CCD. Moreover it can aso be
established fromthemodd that for Cr (VI) removd, al
themain effectsand second order effectswere signifi-
cant model terms.

CONCLUSION

Thestudy mainly focuseson biosorption of Cr (V1)
using macro algae. Thiswork demonstrated that the
seaweed sargassum sp has excellent metal uptake ca-
pacity. Fromtheinitia studiesit can beaccomplished
that initial biosorptionrateof Cr(V1) by Sargassum sp
increased withincreasinginitia Cr(V 1) concentration.
The metal uptake by the al gae became constant | ater
on. Thekinetic udiesdemonstrated that thebiosorption
of Chromium can bebest fit using Langmuir isotherm.
Thiswork demonstrated that thefactoria designisa
useful tool in determining the operating variabl esthat
sgnificantly influencethepercentageof Cr(V1) removed
by Sargassum sp. Factorial design employed in this
study showed that the percentage removal of Cr(V1)
wasinfluenced by operating variables such aspH and
biomass concentration (p<0.05). By theuseof response
surfacemethodol ogy, it wasfound that pH of 1.17 and
0.3% of biomass concentration was found out to be
optimum conditionsfor biosorption (desirability 1.00).
It can therefore be concluded that Sargassum sp can
be used as a effective biosorbents for Cr (VI)
remediation from agueous sol utionschromium. Further-
morethisstudy can a so provideinsightsfor treatment
of industrial wastewater using Sargassum.
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