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ABSTRACT

The objective of this study isto assessthe uptake of hexavalent chromium
from aqueous sol utions onto Cystoseira tamariscifolia algae raw and chemi-
cally modified. The biosorption data of hexavalent chromium by marine
brown algae Cystoseira tamariscifolia, which was raw (RC) and chemi-
cally modified by hydrochloric acid (AC), hasbeen used for kinetic studies
based on fractional power, Elovich, pseudo-first order, pseudo-second
order and intraparticle diffusion rate expressions. Four parameter
biosorption isotherm models, Freundlich, Langmuir, Dubinin —
Radushkevich, Temkin are tested for their applicability. The time-depen-
dent Cr(VI) biosorption datawere well-described by fractional power and
Elovich kinetic model. Among the two-parameter models, the Langmuir
model produces the best fit. Comparing our results with other previous
work on the brown algae, shows the value of materials developed from
Cystoseira tamariscifolia and allows us to offer them as adsorbent mate-
rids. © 2015 Trade Sciencelnc. - INDIA

INTRODUCTION genic characteristicson the public, it hasbecome ase-

rious health concern®. Chromium can bereleased to

The presenceof toxic heavy metd sinwater result-
ing from rapid industrialization and technol ogical ad-
vancesisaworldwideenvironmenta problem*4. One
of the heavy metals that have been amajor focusin
water and wastewater treatment is chromium and the
hexavalent form of it has been considered to bemore
hazardous duetoitscarcinogenic properties>”. Chro-
mium has been considered as one of thetop 16" toxic
pollutants and because of its carcinogenic and terato-

the environment through alarge number of industrial
operations, including metal finishing industry, ironand
stedl industries and inorganic chemicals production(®.
Extensve useof chromiumresultsinlarge quantitiesof
chromium contai ning effl uentswhich need an exigent
treatment. Thepermissiblelimit of chromiumfor drink-
ingwater is0.1 mg/L (astota chromium) in EPA stan-
dard (United States Environmental ProtectionAgency).
In addition, World Heal th Organi zation standard for
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Cr(V1) concentration in drinking water is 0.05 mg/
L[lO,ll] .

Removal of heavy metalsfrom aqueous effluents
has conventional ly been accomplished through arange
of abiotic processes'?>4. However, these processes
can beexpensive and not fully effective. Recently, in-
creasinginterest in the application of materialsof bio-
logicd originin heavy metdsremova fromdiluted, large
volume sol utionshas been observed. Sorptionwith bio-
materialshasbecome an aternativetotraditiona meth-
odsof industrial wastewaterstreatment, such aspre-
Cipitation, adsorption, coagulation .. "> anditisrda
tively inexpensive, non-hazardous, and may permit re-
covery of themetal sfrom the sorbing biomass*®. The
potentid of nonviablebrown seaweedsintherecovery
of heavy metal ionsfrom aqueous effluents has been
well demonstrated 2,

Theobjectiveof thisstudy wasto evaluatethe ad-
sorption capacity of chromium on substratesobtained
from the brown seaweed Cystoseira tamariscifolia.
Thechoiceof thelatter ismainly based on purely eco-
nomic considerations, becausewe areaways|ooking
for natural materia swith no obviousutility in order to
exploit themfor very specifictasks, either initsraw
state or after certain operations do not require large
investmentsin energy supply or materid. Themain ob-
jectiveisto enhancethis marine natural resourceand
usefor water-pollution control and preservation of eco-
logicd bdance.

MATERIALSAND METHODS

Biomassand chemical modification

The brown alga Cystoseira tamariscifolia was
collected from the Dar Bouaaza beach (Casablanca),
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Morocco in December 2009. The alga was washed
with running water and with deionized water. The
washed biomass was oven-dried at 60 °C for 24 h,
crushed with ananaytica mill, seved (szefraction of
0.50 mm). Theresulting dried biomasswasdesignated
astheraw biomass (RC) inthe present study.

A 100 graw biomasswasactivatedin 1M solution
of hydrochloric acid at 25 °C for 2h and the mixture
was separated by centrifugeation and washed thoroughly
with distilled water. It wasdried inan oven at 60 °C for
24 h resulting dried biomass was designated as the
actived biomass (AC).

Sor ption experimentsand analytical method

All the experimentswere conducted at aconstant
temperature of 25+1 °C and at a constant pH =15.8 to
berepresentativeof environmentaly rdevant conditions.
Batch kinetics and equilibrium sorption experiments
were carried out in 250mL Erlenmeyer flasks contain-
ing Potass umdichromate sol utions (100 mL.) of known
concentrations, which varied from 30 to 50 mg /I.
Known amountsof biomass, were added to each flask
and themixtureswere shaken ontherotary shaker.

After the sorption was reached, the change in
Cr(VI) concentration dueto sorption was determined
colorimetrically (Shimadzu 1240 spectrophotometer)
according to Standard Methods?Y. A purple-violet
colored complex was developed in the reaction be-
tween Cr(V1) and 1,5-diphenylcarbazidein acidic con-
dition. Absorbance was measured at wavel ength (1)
540 nm.

Chromium uptakecapacities

Theamount of Cr(V1) sorbed at equilibrium, q
(mg.g?h), whichrepresentsthe metal uptake, was cal-
culated fromthedifferencein meta concentrationinthe

TABLE 1: Kineticbiosor ption models.

M odel Equation linear expression
Fractional power q: = kp.t" Ing.= v.lnt + Lnk,
1 Ln{ao..
Elovich q; = E—.Ln(uE.ﬂE.t] q = LEE],,_.LM
E ﬁE EE
pseudo-first order QG = Qeq.p(l-e5pY) In(g.q;) = kyp.t + Lng.sp
kop-qs op-t 1 1 1
pseudo-second order g, = _Copfeapt — =
1+ l{zp.q&ﬂ, . q k:p'qE,ZF't Qe zP

Intraparticle diffusion

q; = kp.t*? +Cp '
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TABLE 2: Two parameter biosor ption isotherm models

M odel Equation linear expression
Freundlich 9. = Kg.CE Lng, = LnKgz + n.LnC,
. K .C 1 1 1
Langmuir g, = Jml-loe — = +
1+ K;.Ce Qe qml.'KL'EE QmL

Dubinin — Radushkevich Qe = GmpR- eBs)

Temkin ge = By Ln(K1.C,)

R*T? 1),
Lng. = Lngmpg - —7[tn|1+=

e

I]E = BT' LHKT + B']_'.L[I.EE

aqueous phase before and after adsorption, according
to thefoll owing equation?2:

[CD-EE]
O=—= —

I

C,and Cearetheinitia and equilibrium concentra-
tionof Cr(VI)insolution (mg.l}), respectively and mis
themass of dry seaweed (g).

Fractional powert®!, Elovich?, pseudo-first or-
der’, pseudo-second order? and intraparticlediffu-
sion? rate equations have been used for modding the
kineticsof Cr(VI) sorption (TABLE 1).

To examinetherel ationship between sorbed and
aqueous concentration at equilibrium, varioustwo-pa
rameter sorption isotherm modelslike Freundlichi®,
Langmuir®, Dubinin—Radushkevich®, Temkin® iso-
thermswereused for fitting thedata(TABLE 2).

RESULTSAND DISCUSSION

Kineticstudy

Studiesontheadsorption kineticsof chemica com-
poundsin agueous solution are usually performed for
small rangesof initia concentrations of chemical and
adsorbent. The objective was primarily to study the
apparent kinetics of adsorption of chromium on four
supportsthat have been already prepared®Y.

Thekinetic study of biosorption of hexavdent chro-
mium was used to determine the contact time neces-
sary to reach equilibrium. During the contact time, the
solutioniskept under constant stirring and at constant
temperatureand pH (pH =5.8and T =25°C).A mass
of 2 g/L of each support and RC crude mediaactivated
AC aredispersed in asolution of thechromiumto an
initial concentration equal to C,=50mg/L. Figure1
showsthevariation of theresidual concentration C__
versustimet.

These curves show two quiteclear: A first branch
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Figurel: Kinetics(residual concentration of chromiumC, _

vs time) of Cr(VI) on variousforms(RB and AB) of Cystoseira
tamariscifolia.

reflectsarapid decrease of theresidual concentration
of chromium C__for 20 minutes. A second branchis
characterized by agradual change of theresidual con-
centration of chromium C__ until the balance of
biosorption from 60 minutes.

Theexperimenta adsorption capacitiesof activated
biomass are higher than those of raw biomass, andthe
adsorption capacity of the biomass Cystoseira
tamariscifolia, it increased by 7.02 mg/gto 8.35 mg/
g

All the kinetic parameters of biosorption media
(RC) and (AC) aredetermined fromthestraight linear-
ity according to the equations of the model s described
inTABLE 1. In considering thereliability of the pro-
posed kinetic models, we cal culated the correlation
coefficients of the equationsand thekinetic constants
of eachmodel. Thesearegroupedin TABLES 3 and
4.

From the values of correlation coefficients R? of
these tables we can conclude that the model of frac-
tional power (91.9% to 89.4% for RC and AC) and
the Elovich model (91.1% for RC and 89% AC) are
closer to the experimental results of adsorption kinet-
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TABLE 3: Kineticmodel parameter sfor Cr (V1) biosor ption on biomassesRC of Cystoseiratamariscifolia

M odel linear expression R? Model parameters
Fractional power v=93.107
y =0,093x + 1,517 0,919 kp = 4,558
v. k, = 0,424 mg.g*.min™
. B ko = -3,5.10° mg.gt.min™
Elovich y= -0,035x + 3,996 0,361 Qoo = 3,996 mggl
, _ ki =-2,3.10° min™
pseudo-first order y =0,0023x + 1,730 0,738 Oe1 = 5,641 mg.g™*
_ kip = 6,9.10% min™
pseudo-second order y =-0,069x + 1,548 0,840 Geap = 4,702 mg.g'*
e _ og = 1078,7 mg.g™.min™
Intraparticle diffusion y =0,575x + 4,334 0,911 Be = 1,739 gmg
. _ k, = -4.10* gmg*.min*
Fractional power y =-0,0004x + 0,177 0,722 Oe2 = 5,649 mg.g*
— 11
Elovich y = 0,206x + 0,148 0,721 kop=0,718 g.mg".min
Oe2p = 6,756 rgg.g_ "
pseudo-first order y = 0,540 + 2,536 0,641 ko = 0,540 mg.g".min

Cp = 2,536 mg.g*

TABLE 4: Kineticmodel parametersfor Cr (V1) biosor ption on biomassesAC of Cystoseiratamariscifolia

M odel linear expression R? Model parameters
v=15,1.107
Fractional power y =0,051x + 1,873 0,894 kp = 6,507
v kp= 0,3312 mg.g-.min
. _ ko = -3,8.10° mg.g™.min™
Elovich y = -0,038x + 5,165 0,283 Go = 5,165 2”9'9'11
. _ ki =-1,3.10° min
pseudo-first order y =0,0013x + 1,987 0,820 o1 = 7,203 gng_g.ll
— klp =5,1.10 min’
pseudo-second order y =-0,051x + 1,197 0,804 Qurp = 3’330 mg.g™t
e _ oe = 4,122.10° mg.g*.min™
Intraparticle diffusion y =0,397x + 6,416 0,890 Be = 2,518 gmg’
ics. By cons, we note that the theoretical datafrom 10
other modelsmove away from theexperimental data. .
To better demonstrate the effectiveness of themode! of 8 —r ]
fractional power and Elovich model, wereportedin ﬁ p _!‘" ] '_,,_,,.,.--.-—-"'-‘“"
Figures 2 and 3 modeling the kinetics of chromium & " '
biosorption of thesetwo models respectively on the % 4+ 4
biomassRC andAC.
Equilibrium isotherm modes B
With aview to assess the adsorption capacity of . : : .
chromium on each algal support prepared, astudy of 0 +9 50 120
adsorption isothermswas carried out. Recall that ad- Time (main}

sorptionisothermisa so known assaturation curveand
it showsthe variation of the amount adsorbed g, de-
pending ontheresidua concentration a equilibrium Ce
(g,=f(Ce)) a atemperature T and aconsistent pH (T
=25°C, pH=5.8).

In order to determinethe nature of the adsorption

Figure2: Modeing thekineticsof chromium biosor ption of
thefractional power model. (¢ : RC, A: AC,—model RC,—
mode AC)

isotherm of chromium on themedia, we made solutions
containing chromiumat initial concentrationsconstant
C,=50mg/ L, and for each medium weintroduced
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Figure3: M odeling thekineticsof chromium biosorpption of Figure4: Equilibrium isother msof biosor ption of chromium
theElovich model. (¢: RC, A :AC,—model RC,—model oo o =d P
AC) on biomassRC andAC.

TABLE5: Isothermsmodel par ameter sfor Cr (V1) biosor ptionon RC

M odel linear expression R? Model parameters

Freundlich n=1145

) Kr=8,64.10"8L.g™
y = 11,45x - 39,29 0,858 Om = 245,344 mg.g™~

n>1: adsorption faible
K, =239.10%L.g™"
Langmuir y =45,21x - 1,085 0,927 Om. = 0,921 mg.g*

R.=0,45

B =1,32.10° F.mol”

Dubinin — Radushkevich y = -8151x + 7,897 0,835 Omor = 2689,2 mg.g™
E = 27,429 Jmol ™
By =123,9 Jmol?1
K:=29.10°%L.g™"

AQ=19,98]

Omt = 46,29 Mmg.g"

Temkin y =123,9x - 438,4 0,746

TABLE 6: | sothermsmodel parametersfor Cr (V1) biosor ptiononAC

M odel linear expression R? Model parameters
n= 2,29;1 )
: _ Ke=3,75.10° L.¢°
Freundlich y = 2,294x - 5,585 0,842 Ome = 29,641 Mg.g
n>1: adsorption faible
K.=1,69.102L.g™"
Langmuir y=7,139% - 0,121 0,947 Ome = 8,264 mg.g*
RL = 0,54
B =1,58.10* F.mal”?
Dubinin — Radushkevich y =-971,6x + 3,374 0,776 Omor = 29,195 mg.g™
E = 79,446 Jmol ™
Br = 24,87 J.Zmol’.iil
Temkin y = 24,87x - 74,00 0,657 Kr=5110"1.

AQ = 99,57 J
Omt = 23,29 mg.g"

the masses of adsorbent on the volumeof theadsor-  of each experiment, we determinetheresidua concen-
bateof 0.5g/L to5¢g/L. Stirringiscontinuedfor asuf-  trationsof chromium, and then wededucethe sorption
ficient timeto reach equilibrium (two hours). Attheend  capacity at equilibrium Qeq. Thechangesin adsorption

BioTechnologqy — mmm—
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capacitiesat equilibrium according Q _ residual con-
centrationsat equilibriumitistheequilibriumisotherms.
Equilibrium isotherms of biosorption of chromiumon
biomassRC and AC arerepresented in Figure 4.

To processthe experimental data, andto explain
theisotherms obtai ned from equilibrium, weused iso-
therma modd sthat have been previoudy described in
TABLE 2. The constants characterizing each of thelin-
ear expressionsof these model swere determined and
thedatain TABLE 5 and TABLE 6 for RCand AC.
Notethat thereliability of these proposed modelswas
performed by ca culating the correl ation coefficients R,

From thevaluesof correlation coefficients R?, we
can concludethat the Langmuir model (Figure5) isclos-
et totheexperimenta resultsobtained in both adsorp-
tion isotherms, (92.7% for RC, and 97.4% for AC).
Other modd ssuch asthe Freundlich model, themodel
of Dubinin—Radushkevich and the model of Temkin,
show significant correl ation coefficientswhich require
themtotakeconsiderationin al modelsmade. To bet-
ter demondtrate the effectiveness of thesemodels, we
reported in Figures6, 7 and 8 respectively, themode -
ing of adsorptionisothermsof chromium on four sup-
portsRC andAC.

Comparingour resultswith literature

To eva uatethe biosorption of chromium on biom-
assRC and AC Moroccan Cystoseiratamariscifolia,
we have shown in TABLE 7 the comparison of our
resultswiththose of theliterature on the biosorption of
chromium to other brown algae. Theanalysisof this
table shows that the adsorption capacity of biomass

=0
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30

g (INE €}

20

1o

¢ S I 15 T¢I 30 35 40
C.(mg L)

Figure5: TheLangmuir model of adsor ption isother msof
chromium. (e: RC, A: AC,—model RC,— model AC)
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Figure6: TheFreundlich mode of adsor ption isother msof
chromium. (e : RC, A : AC,— model RC,— modd AC)
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Figure7: TheDubinin — Radushkevich model of adsorption

isothermsof chromium. (e : RC, A : AC,— model RC, —
mode AC)

. v
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Figure8: TheTemkin modd of adsor ption isother msof chro-
mium. (e : RC, A : AC,— model RC,— mode AC)

Cydosaratamariscifolia hasattractivevauationsrela
tiveto other algal media, which alowsit to be consid-
ered for the use as biomass adsorbent materias.
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TABLE 7: Sorption capacitiesfor Cr(VI) using different
brown seaweeds.

Brown seaweed q (mg.g?h) Refs
Padina sp. 54.60 [32]
Ecklonia 4.49mmol.g-1 [33]
Pilayella littoralis 4.68 [34]
Sargassum siliquosum 66.4 [35]
Turbinaria ornata 31 [36]
Sargassum sp. 3172 [32]
Cystoseiraindica 20.9-279 [37]

Cystoseiratamariuscifolia 21.02 - 22.41 Present study

CONCLUSIONS

Theresultsobta ned during the adsorption of chro-
mium on both biomasses prepared from the brown sea
weed Cystoseira tamariscifolia: RC and AC show
thet:

e  Theadsorption kineticscould be considered con-
sgtent withmoddsof fractiona power and Elovich.

e The modeling of adsorption isotherms by the
Freundlich models, Langmuir, Dubinin -
Radushkevich, and Temkin may s mplify theinter-
pretation of experimental dataof isothermsputin
games.

e All adsorptionsisothermsobtained could be con-
Sidered cong stent with the Langmuir modd .

e  Thecomparisonwiththeliterature showsthat one
can usetheraw materiasand activated Cystoseira
tamariscifoliainthetreatment of polluted water.

All theresults obtained in thiswork, demonstrate
that we have discovered new ways of vauingthe Mo-
roccan dgd biomass, giving new biomassinthefield of
environmenta applications.
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