ISSN : 0974 - 7532 Volume 9 Issue 1

Reseanch & Reviewsd cn

BioSciences

- REgular Peper

RRBS, 9(1), 2014 [30-34]

Removal of nickel from wastewater by using Colpomenia as brown
algae biomass

Mahmood Niad*, Saeid Zaree, Mehdi M ohammadi
Faculty of Science, Persian Gulf Univer sity, Bushehr 75169, | lamic Republicof Iran, (IRAN)
E-mail : maniad@pgu.ac.ir

ABSTRACT

Theeffectsof pH, temperature, biosorption timeand metal ion concentration
were considered for removal of nickel from wastewater. The kinetic of
biosorption of Ni(Il) from aqueous solution by using Colpomenia were
studied. The isotherm models for equilibrium adsorption data were
© 2014 Trade SciencelInc. - INDIA

investigated.

INTRODUCTION

The contamination of water by toxic heavy metals
isaworldwide problem™. The heavy metalstend to
persist indefinitely, circulating and eventud ly accumu-
lating throughout thefood chain. Thesemetal scan be
toxicto microbial population at sufficiently high con-
centration>4, Heavy meta solutionsarewidely usedin
industrid activitiessuchasmetd finishing, electroplat-
ing, painting, dying, photography, surfacetreatment,
printed circuit board manufacture®. Mining activities,
agricultura runoff, industrid and domestic effluentsare
mainly responsiblefor theincrease of metallic species
rel eased into the environment(.,

Ni(Il) isanon-essentia e ement that can behighly
phytotoxic. Thiselement hasdd eteriousimpactson soil
quaity and minerd nutritioncycle. Ni(ll) ranksthehigh-
estintermsof damageto plant growth and human hedth
withinthetoxic heavy metas. Moreover, itsuptakeand
accumulationin plants posesaserioushedth threat to
humansviathefood chain. Thepresence of excessive
amountsof Ni(Il) insoil commonly elicitsmany stress
symptomsin plants, such asreduction of growth, espe-
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cialy root growth, disturbancesin minerd nutrition and
carbohydrate metabolism and may thus strongly reduce
biomass production!”. Ni(ll) iscarcinogenic, mutagenic
and strong oxidizing agent whichirritates plant and ani-
mal tissueseveninsmall quantities. It diffusesrapidly
through soil and aquiati c environments asreadily pass-
ing through skinf®.,

Different effective methods have been reported for
removing or reducing Ni(Il) toxicity by someresearch-
ers. Chemicd precipitation, oxidation/reducation, me-
chanicdl filtration, ion exchange, membrane separation
and carbon adsorption areamong the variety of treat-
ment processeswiddy used for theremovd of toxicheavy
meta sfromthewastestreams. Inrecent yearsbiosorption
has been recogni zed asan effectivemethod of deduction
of metal contaminationinsurfacewater and inindustria
effluentd®. Biosorption processare employed the natu-
rd originsolidsfor bindingtheheavy metds. Biosorption
method used for treat industrial effluents, becauseof its
low cost and high meta binding capacity!®.

The present study isundertaken toinvestigatethe
effect of different experimentd parameterssuchaspH,
temperature, contact time, initid concentration of Ni(ll)
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and biomassdose on sorption process. Additiondly, the
equilibriumisotherm and the uptakekineticsarestudied

EXPERIMENTAL

Sudy areaand biomassprepar ation

The Col pomenia were sampled from northwest-
ern (near the Bushehr Province coastline) part of the
Persian Gulf. Col pomenia was collected from Persian
Gulf coast of Boushehr. After harvestingfrom the sea,
thiswaswashed severa timesusing deionized water to
remove the sand particlesand salts, thendried inan
oven at 60°C until constant weight. Dry biomasswas
chopped and sieved for biosorption experiments.

Nickel solutions

Stock nickel solution (150 mg/L) was prepared by
dissolving 171.135 mg of Ni(NQ,),.6H.,O (Merck) in
500 mL of deionized water. Different concentrations of
nickel solutions (20, 50, 75, 100, 125 and 150 ppm)
were prepared by adequate dilution of the stock solu-
tion with deionized water. Theinitial pH wasadjusted
with 0.1N HCl and 0.1N NaOH.

Analytical methods

Thenickel solution and Col pomenia as biomass
werein contact in specifictimeand thenfiltered. The
concentration of nickel was determined by Varian
SpectrAA.200 atomic absorption spectrometer.

Experimental procedure

Theexperimentsweredoneat pH 1, 2, 3, 4, 5, 6,
7,8and 9.and 60 min contact timewith differentinitial
concentrations (20, 50, 75, 100, 125 and 150 ppm)
for Ni(ll) and 200 mg/L of biomassat different tem-
peraturesintervals(25, 35, 45, 55 and 65 °C).

Equilibriumisotherm

Moddling of equilibrium datawas done using most
widely used Langmuir and Freundlich isotherm mod-
elg1°1, |nthe Langmuir model, maximum monolayer
adsorption capacity, g, (mg/g) and Langmuir adsorp-
tionconstant, K| (L/mg) weredetermined from equa-
tion1.

1 1 1 1
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Whereq, (mg/g) wasthemetal ion sorbed and C_(mg/

—=> Regulor Paper

L) wasthe equilibrium concentration of meta ionssolu-
tion. The heterogeneous adsorption capacity, d, (Mg/g)
of Colpomeniafor Ni(Il) wasdetermined by Freundlich
isothermthat haveshowninfollowing equation 2.

(2)
Wherek_(mg/L) and n were Freundlich constants.
Metal uptake

The metal uptake, g, (mg/g), milligram of metal
adsorbed per gram of adsorbent was determined ac-
cordingto equation 3.

(Ci—-CoV
e = 1000w ©
whereC, (mg/L) wastheinitia metal concentration, C,
(mg/L) wasthemetal concentrations at varioustime
intervas, V (mL) wasthevolume of thesolutionandw
(9) wasthemass of sorbent.

1
log q, =;i’og co +log kg

RESULTSAND DISCUSSION

Effect of pH on biosor ption

Many parameters can beinfluenced on the uptake
of heavy metdsin biosorption, such asthebiomasstype,
pretreatrnent methods, ioni ¢ strength, and solution pH.
M ost biosorption studies have observed largevaria-
tionsinthebiosorption capacitieswith different solu-
tion pH valued'?4, The pH of the aqueous solution
wasan important controlling parameter in the adsorp-
tion process®®.

M aximum uptakewas observed at pH=2 asshown
in Figure 1. The strong pH dependence of Ni(ll)
bi osorption could be attributed to more pronounced
el ectrostati ¢ attraction taking place between thebiom-
assandthemetal ions. Marinea gae contain high con-
tent of ionizable groups on the cell wall polysaccha-
rides, which responsible for depending upon the
bi osorption processwith the pHIel,

Theeffect of pH on biosorption, can berelated to
competition of several mechanisms involved in
bi osorption suchasmetd speciationinsolution, changes
of ionic forms of the functional groupsinvolvedin
biosorption, theprotonation of thebinding Stesand meta
preci pitationid,

Effect of temperatureon biosor ption
Fivedifferent temperatures, i.e. 25, 35, 45, 55 and
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65 °C were considered for the effect of thetempera-
ture on the adsorption capacity. From Figure 2, it can
be observed that the maximum Ni(I1) uptake was ob-
servedin 55°C. By increasing temperaturefrom 55 to
65 °C theamount of Ni(Il) uptakewere decreased that
can berelated to thedestruction of ionizablegroupson
thecell wall polysaccharidesin hightemperature.

Theeffect of contact timeon biosor ption

Inthisstudy, with increasing time, the uptakewas
increased asshown in Figure 3. The maximum uptake
for Ni(Il) wasobserved at 10 minutesinitial. After 55
minutes, Ni(ll) uptake rate was steady and equabl e.
Thiswas dueto the saturation of the sorption siteson
adsorbent with Ni(ll).
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Figure3: Effect of contact timeon g_of Ni(l1)

Adsor ption kineticsstudies

The kinetics of adsorption describes the rate of
nickel ionsuptake on agawhich controlsthe equilib-
riumtime. Two kineticsmodels, pseudofirst orderin
equation 4 and pseudo second-order modelsin equa
tion 5 were used to analyze the sorption dataand to
identify the mechani sm of sol ute adsorption onto sor-
bentg929,

k1 qast
2.303

log(qe — q¢) = log qe — 4

t i t

de kZ,ads qg e (5)
where g, (mg/g) was the mass of metal adsorbed at
equilibrium, g, (mg/g) wasthemass of metd at timet
(min.), k, ., (/min.) wasthe pseudo-first-order rate
congtant of adsorption, k, , (9/mgmin.) wasthepseudo-
second-order rate constant of adsorption.

Both pseudo first-order sorption kineticsasshown
in Figure4 and pseudo second-order sorption kinetics
asshownin Figure5were plotted for adsorption kinet-
icsstudiesof Ni(ll) on Col pomenia biomass.

A comparison between two kinetic models in
TABLE 1 suggested that: (1) the coefficient of correla-
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Figure 4 : Pseudo first-order sorption kinetics plot of

Ni(l11) on Colpomenia
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tion (R?) for the pseudo-second-order kinetic model
was much higher in comparison to pseudo-first-order
mode (2) thecloseagreement betweentheexperimenta
g, (mg/g) vauesand theestimated g, (Mg/g) valuesfrom
pseudo-second-order kinetic model. Thesefacts sug-
gest that obtained Ni(ll) kinetic data followed the
pseudo-second order kinetic model which describes
thebiosorption astheratelimiting step.

Effect of initial metal concentration

Themeta remova using Colpomenia correspond-
ingtodifferentinitial metal concentrations (20, 50, 75,
100, 125 and 150 mg/L was shownin Figure 6. The
TABLE 1: Comparison between pseudo-first-order and

pseudo-second-order kinetic modelsfor Ni(l1) sorption by
Colpomenia

Experimental value for ge = 56.75 (mg/g)
Pseudo-fir st-order kinetic Pseudo-second-or der

model kinetic model
Qe K 1,ads 2 Je K 2,ads RZ
(mg/g) (I/min) (mg/g) (g/mg min.)
18.4 0.0817 0.9674 58.8 0.0082  0.9999

increaseininitial concentration of Ni(ll), resultsinthe
increase uptake capacity of Ni(Il). Theincreaseinini-
tial metal concentration, resultsintheincreased uptake
capacity, because of the higher initial concentrations,
the higher number of molesof Ni (I1) isavallabletothe
surfacearea. Thissorption characteristic indicated that
surface saturation was dependent on theinitial metal
ion concentrationg?Y.

Equilibriumisotherm
Moddling of equilibrium datawas done using most
widely used Langmuir and Freundlich isotherm mod-

922, IntheLangmuir isotherm, maximum monol ayer
adsorption capacity, g, (Mg/g) was determined from
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Figure6: Effect of initial metal concentration on Ni(I1) by
Colpomenia
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Langmuir equetion:
1 1 1 1

(e CIm.axKL Ce * dmax (6)
Whereq,(mg/g) istheabsorbed meta ion, C_(mg/L) is
theequilibrium concentration of meta ionssolution and
K (L/mg) isthe Langmuir adsorption constant. The
Langmuir adsorption isotherm assumesthat adsorption
takesplaceat specific homogeneoussurfacesteswithin
the adsorbent and has found successful applicationin
many sorption processes?®.

Inthe Freundlichisotherm, the heterogeneous ad-
sorption capacity, g, (mg/g) was determined from
Freundlich equation:

1
logqe =Hlog Ce +logkg 7

Where both k_(mg/g) and n are the Freundlich con-
stants. The Freundlichisothermisanempirical equa
tion empl oyed to describe heterogeneous systems. It
assumes nelther homogeneoussiteenergiesnor limited
levelsof sorption. The Freundlich congtantsindicatethe
extent of the adsorption and thedegree of nonlinearity
between sol ution concentration and adsorption respec-
tivelyiz2],

Thelinearized regresson plot of Langmuir isotherm
ispresentedin Figure 7 and thelinearized regression
plot of Freundlichisothermispresented in Figure 8,
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TABLE 2: Comparison of Langmuir and Freundlichisotherm
parametersfor Ni(l1) uptakeby Colpomenia

Langmuir isotherm  Freundlich isotherm
parameters parameters

Co Omax KL 2 Ke n R2

(mg/L) (mg/g) (I/mg) (mg/g)
150  65.00 0.0165 0.9901 0.8667 1.208 0.9801

respectively.
A comparison between two isotherm modelsin

TABLE 2 suggested that the data coul d be well mod-
€led according to the Langmuir adsorption isotherm.

Condition

CONCLUSION

The uptake of Ni(ll) showed with anincreasein
pH from 1 to 2. The strong pH dependence of Ni(ll)
bi osorption observed in this study could be attributed
to more pronounced d ectrogteti ¢ atraction taking place
between the biomassand themetd ions. Theoptimum
temperaturefor absorption wasfindin 55°C. Thead-
sorption kinetic data can be described by the pseudo
second-order kinetic models. Also, theequilibrium data
of adsorption were in good agreement with the
Langmuir’smodd.
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