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ABSTRACT

The adsorption of cadmium from agqueous solution onto Syzygium cumini.L
has been studied using a batch adsorber. The parameters that affects the
Cd(ll) sorption, such as contact time, initial concentrations, solution pH,
adsorbent dosage and adsorbent particle size, have been investigated and
optimum conditions determined. Equilibrium isotherm studieswere used to
evaluate the maximum sorption capacity of syzygium cumini.L. Thefitness
of the biosorption data for Langmuir, Freundlich and Redlich-Peterson
models was investigated. It was found that biosorption of Cd(11) on to the
biomass of the syzygium cumini.L was better suitable to Langmuir than
other two models. Using the Langmuir model equation, the monolayer
biosorption capacity of syzygium cumini.L was evaluated and found to be
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36.363mg/g.

INTRODUCTION

Theincreaseinindustria activitieshasintensified
environmenta pollution and the deterioration of some
ecosystems, with theaccumulation of pollutantssuch
asheavy metas, synthetic compounds, etc. The pollu-
tion by heavy metalsisof great concern dueto poten-
tial health hazard caused by these compoundsto the
environmenttt.

The heavy metal object of thisstudy, cadmiumis
often released into the environment throughindustrial
activitiesat concentrationsof physiological and eco-
logica concern. Cadmiumisregistered asList 1inthe
Dangerous Substances Directive (2006/11/EC) of the
European Union, whilezinc and chromium areregis-
tered asList 2. Thequality standardsfor cadmiumare
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1ug/L for estuaries and marine waters and 0.5pgL-1
for freshwater. Cadmium may befound in wastewater
dischargesfrom the el ectropl ating industry, the manu-
factureof nickel—cadmium batteries, fertilizers, pesti-
cides, pigmentsand dyesand textile operations?3. The
kidneysarethecritical target organ after ingestion (re-
na dysfunction, hypertension and anaemia)™.
Therefore, an adequate treatment of the polluted
wastewater isrequired. Traditiona trestment techniques
includechemicd precipitation, membranefiltration, dec-
trolysis, ion exchange, carbon adsorption and co-pre-
ci pitation/adsorption. Neverthel ess, the gppli cation of
such processesissometimesrestri cted because of tech-
nical or economic constraints>®. The search for new
technol ogiesinvolvingtheremova of toxic metasfrom
wastewatershasdirected attention to biosorption, based
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onthemetd binding capacitiesof variousbiologica ma-
teria g,

The adsorbent used in this study is plum leaves
(Syzygiumcumini L) powder, inwhich the adsorption
takesplace on surface of insolublecdl walsof theplum
leaves. Theinsolublecdl walsof plumleavesarelargdy
made up of celluloseand hemi celluloses, lignin, con-
densed tanninsand structural proteins. In other words,
one-third of thetota dry matter in plumleavesshould
havegood potentid asmetal scavengersfrom solutions
and wastewaters since the above congtituents contain
functiond groups.

MATERIALSAND METHODS

Prepar ation of Syzygium cumini L. for adsor ption

The green colored java plum leaves (Syzygium
cumini L.) used in the present study were collected
from the college of engineering, AndhraUniversity,
Visakhgpatnam. The collected leaveswerewashed with
deionised water severa timesto removedirt particles.
Thewashing processwas continued till thewash water
containsno dirt. The washed leaves were then com-
pletely dried insunlight for 20 days. Theresulting prod-
uct wasdirectly used asbiosorbents. Thedried leaves
were then cut into small pieces and powdered using
domestic mixie. In the present study the powdered
materiasintherangeof 75-283um. particlesizewere
then directly used as biosorbent without any pretreat-
ment.

M etal solution

Stock solutions of Cadmium concentration 1000
mg/L was prepared by dissolving 7.14 g of Cd SO,
8H,01in 1000 ml of distilled water. The solution was
prepared using standard flasks. Therange of concen-
tration of the prepared meta solutionsvaried between
20and 100 mg/L. The solutionswere prepared by di-
[uting the Cadmium stock solution, whichwereobtained
by dissolvingin de onized water.

Chemicals

Meta ion solutionswere prepared by diluting stock
metal solutions, which were obtained by dissolving
weighed quantity of CdSO, 8H,0 of analytical reagent
grade obtained from Merck indoubledistilled water.
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Biosor ption experiments

Biosorption experimentswereperformed inaro-
tary shaker at 180 rpm using 250 ml Erlenmeyer flasks
containing 30 ml of different cadmium concentrations.
After onehour of contact (accordingtotheprdiminary
sorption dynamicstests), with 0.1 g SyzygiumCumini
L. leaves biomass, equilibrium was reached and the
reaction mixturewas centrifuged for 5min. Themeta
content inthe supernatant was determined usngAtomic
Absorption Spectrophotometer (GBCAvantaVer 1.32,
Augtralia) after filtering theadsorbent withwatman fil -
ter paper. Theamount of metal adsorbed by Syzygium
Cumini L. leaveswas cal cul ated from the differences
between metal quantity added to the biomassand meta
content of the supernatant using thefollowing equation:

Y,

Q=(C,-C)xr M
where Qisthemetal uptake (mg/g); C_and C arethe
initia and equilibriummeta concentrationsinthe solu-
tion (mg/L), respectively; V isthesolution volume(L);
and M is the mass of biosorbent (g). The pH of the
solution was adjusted by using 0.1 N HCl and 0.1 N
NaOH.

RESULTSAND DISCUSSION

The adsorption of Cadmium (I1) ions on the
Syzygiumcumini L wasinvestigated asafunction of
the contact time, initial metal ion concentration, pH,
adsorbent dosage and adsorbent particlesize. Theper-
formance of Syzygiumcumini L for Cadmium (I1) re-
moval using the experimental data for Langmuir,
Freundlich and Redlich-Peterson adsorption isotherm
wastested.

Effect of contact time

Time course profilesfor the biosorption of Cad-
mium fromasolution of 20mg/L areshowninfigurel.
The data obtained from the adsorption of Cadmium
ionson the Syzygiumcumini L. showed that acontact
time of 20 min for Cadmiumwasrequired to achieve
an optimum adsorption and there was no significant
changein concentration of themetal ion with further
increasein contact time. Therefore, the uptakeand un-
absorbed Cadmium concentrations at the end of 20
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Figurel: Effect of contact timeon biosor ption of cadmium by

syzygium cumini L. for 20mg/L and 0.1g/30mL of biosor bent
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Figure3: Effect of pH on biosor ption of cadmium adsor ption
by syzygium Cumini L. for 20mg/L of metal and 0.1 g/30ml of
biosor bent concentration

minaregiven astheequilibriumva ues, Oy (mg/g) and
Cq (mg/L) as 36.363 and 4.809, respectively.

Effect of initial metal ion concentration

Experimentswere undertaken to study the effect of
theinitia metal ion concentration onthe Cadmiumre-
moval kineticsfrom the solution. Theresultsobtained
areshowninfigure 2, the obtained curves show that
themetal uptakeincreases and percentage adsorption
of Cadmium (I1) decreaseswithincreaseininitia meta
ion concentration. Theincrease of metal uptakeisa
result of theincreasein thedriving forcesi.e. concen-
tration gradient, with anincreaseintheinitiad Cadmium
ion concentrations (from 20 to 100 mg/L). However,
the percentage biosorption of Cadmium ions on
Syzygiumcumini L. was decreased from 85.14t0 70.12
and 80.15 to 68.26%.
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Figure?2: Effect of metal ion concentr ation on theadsor ption

of cadmium by syzygium Cumini L. at 0.19/30ml of adsor bent
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Figure4: Effect of biosorbent dosage on biosor ption of copper
and cadmiumfor 20mg/L of metal ion concentration

Influenceof pH

Itiswell knownthat the pH of themedium affects
thesolubility of meta ionsand the concentration of the
counter ions, on thefunctional groups of the biomass
cell walls. Thus pH is an important parameter on
biosorption of metal ions from aqueous solutions
Syzygiumcumini L. presentsahigh content of ioniz-
ablegroups(carboxyl groups) onthecel wall polysac-
charides, which makesit very liableto theinfluence of
thepH. Asshowninfigure3, the uptake of freeionic
Cadmium dependson pH. Thebiosorption of metalic
ionwasobserved toincreasewithincreasein pH upto
avaue of 6. At pH valueslower than 4.0 Cadmium
removal wasinhibited, possibly asaresult of thecom-
petition between hydrogen and metal ionsonthe sorp-
tion sites, with an apparent preponderance of hydro-
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Figure5: Effect of biosor bent particle sizeon biosor ption of

copper and cadmium for 20mg/L of metal and 0.1 g/30 ml of
biosor bent concentration
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Figure7: Freundlich biosor ption isothermfor cadmium at
0.19/30ml of biosor bent concentration

genions, which restrictsthe gpproach of metd cations
asin consequence of therepulsive force. Asthe pH
increased the ligands such as carboxylate groupsin
Syzygiumcumini L. would beexposed, increasing the
negetive charge dengty on the biomasssurface, incress-
ing the attraction of metalicionswith positivecharge
and alowing the biosorption onto thecell surface.

Effect of adsor bent dosage

Theinfluence of adsorbent dosagein removal of
Cadmium (Il) isshowninfigure4.Theincreasein ad-
sorbent dosagefrom 0.1 to 0.5g resultedin an increase
from 85.14to 98.03% in adsorption of Cadmium
(I1).Thisisbecause of theavailability of morebinding
stesfor complexation of Cadmium (I1) ions.

Effect of adsorbent particlesize
Fixingtheinitia concentration of solutionat 20 mg/
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Figure6: Langmuir biosor ption isotherm for cadmium at
0.1g/30ml of biosor bent concentration
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Figure8: Redlich-Peter son adsor ption isother mfor cadmium
at 0.19/30 ml of biosor bent concentration

L, pH 6, thefixed volumeof 30 ml solutionisallowed
for 20minfor Cadmium aadsorptionwith 0.1 g each of
thevaried Szeof particlesof adsorbent rangingfrom 75
t0 283 um, theplot (Figure5) drawn for the variation of
the percentage biosorption against particle size, shows
that with increase in particle size the adsorption de-
creases. Thisisdueto lesssurfaceareaavailablewith
increased particle s ze, thusreducing the adsorption.

Biosor ption isotherm models

Many sorptionisotherm modelsareusualy used to
fit the biosorption datain order to obtain alinear re-
gression datato predi ct the maximum sorption capac-
ity of thebiosorbent. Langmuir and Freundlichmodes
are the most widely used models in the case of the
biosorption of metal ionswith biosorbents. Redlich
Peterson model also applied to describe equilibrium
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TABLE 1: Langmuir, Freundlich and Redlich-peter soniso-
therm constantsand correlation coefficients

Freundlich model
K =2.0128
M(g/L)=0.6846
R?=0.985537502

Langmuir model

Omax(M@/g)=36.363
b(L/mg)= 0.03957
R?=0.991030315

Redlich-peter son
A(L/g)=0.792
B(L/mg)=57.11
R?=0.437078303

TABLE 2: Comparison of theadsor ption capacity of present
work for Cadmiummetal withthosereportedin theliterature

Adsor ption

Adsor bent pH capacity(mg/g) Reference
Modified bark 45 1.02 8
Turkish coals 4.0 0.8992 9
Granular biomass 55 60 10
Olive stone waste 55 0.0077 11
Fly ash 2-9 5 12
Marinegreen macro alga 6.0 3.95 13
Grape stalk waste 55 27.877 14
Papaya wood 5.0 0.48 15
Activated sludge 45 12.365 16
Syzygium cumini.L 6 36.3636 Present study

sorptionisotherms. Langmuir model suggests mono-
layer sorption on ahomogeneous surfacewithout inter-
action between sorbed molecul es. In addition, themodd
assumes uniformenergiesof sorption onto the surface
and no transmigration of the sorbate.

Thelinearized Langmuir, Freundlich, Redlich ad-
sorption isotherms obtained at room temperature are
showninfigure6, 7 and 8 and adsorption coefficients
computed thesearegivenin TABLE 1. All curveshad
good linearity (correl ation coefficient)indicating strong
binding of Cadmium(l1) ionsto the surface of syzygium
cumini L particles. It isfound that the adsorption of
Cd(I1) on the Syzygium Cumini L. wascorrelated well
with the Langmuir equation ascompared to Freundlich
and Redlich-Peterson equationsunder the concentra-
tion range studied.

CONCLUSIONS

The present study showsthat the Syzygium Cumini
L. wasan effective biosorbent for the biosorption of
Cadmiumionsfrom aqueous solution. Thebiosorption
capacity of Syzygium Cumini L. was superior dueto
the higher content of hydroxyl and aminegroups. The
effect of process parameterslike pH, metal ion con-
centration, biosorbent concentration and biosorbent size

on process equilibrium was studied. The uptake of
Cadmiumionsby Syzygium Cumini L. wasincreased
by increasing the metal ion concentration and the ad-
sorbent concentration and decreased by increasing
biosorbent size. The uptakewasal so increased by in-
creasing pH up to 6. Theadsorption isotherms could
bewel fitted by the Langmuir equation.
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