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ABSTRACT

This study presents the removal of Cd®* by Mangifera indica seed biomass. The adsorption process was studied as
a function of pH, adsorbent dosage and contact time. Sorption kinetic models such as the pseudo-first order,
pseudo-second order and the intraparticle diffusion were used to test for the adsorption process. Results showed
that the adsor ption kinetics followed the pseudo-second order rate equation. The adsor ption process also showed an
intra-particle diffusion mechanism. Langmuir and Freundlich models were used to describe the adsorption of
Cd**on Mangifera indica seed. Biosorption equilibrium was better described by the Freundlich than Langmuir
model for Cd®*. The monolayer hiosoption capacities of Mangifera indica for Cd®*was 833.3 mg/g. The present
investigation showed that Mangifera indica seed may be utilized as a novel low cost and easily sourced biosorbent
for Cd** removal.
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INTRODUCTION

Rapid industrialization and population growth havereased the demand for water. Many water bodiepalluted

by heavy metals. The major sources of water poliubly heavy metals are domestic, industrial anccalgural, as
well as solid waste pollution, thermal and nucleaste pollution. Heavy metals pose significant ahr® the
environment and public health because of theircibxiaccumulation in the food chain and persisteincnature [1].
Several chemical methods have been devised fotrélaément and removal of heavy metals. The commoséd

methods are phytoremediation, chemical precipitatime coagulation, ion exchange, reverse osnasissolvent
extraction [2,3,4]. However the disadvantages iilmplete metal removal, high reagent and energyirements,
generation of toxic sludge or other waste prodtizas require careful disposal have made these rdstarpensive
for removing heavy metals from aqueous effluenisThe search for new techniques involving the reah@f toxic

metals from waste waters has directed attentiomidsorption, based on metal binding capacities afious

biological materials. Biosorption is consideredbe a fast physico-chemical process. The biosorppi@tess
involves a solid phase (sorbent or biosorbent,ogichl material) and a liquid phase (solvent, ndiynaater)

containing dissolved species to be sorbed (sorlagtal ions) due to higher affinity of biosorbeat the sorbate
species. This resulted in the attraction and thdibg of the later by different mechanisms [6].

Cadmium t*%*'Cd,s), a group IIB transition element is a non-essémtial toxic element, without any metabolic
significance. Cadmium has been classified as apgrdwuman carcinogen by the International AgenayResearch
on Cancer [7, 8]. [9] worked on the adsorptioh SG pollutant onMangifera indica bark.
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The aim of this study is to uddangifera indica seed as an inexpensive and effective biosorbent thaaisly
available in large quantities and feasible econaltyidor heavy metal removal from solution. Thelirghce of pH,
biomass concentration and contact time was evaluakénetic models such as pseudo-first order, geesecond
order and intraparticulate diffusion were used é&satibe the biosorption process. The equilibriumcpss was
explained using Langmuir and Freundlich models.riftoglynamic parameters were also evaluated withegtgp
the adsorption process.

EXPERIMENTAL SECTION

2.1Biomass preparation

Mangifera indica seed obtained from Iwo town was used as a biostri&ieMangifera indica was chopped into
small length. It was then dried in an oven gi@@and finally powdered in an electric grinder. dranded powder
was sieved to obtain fine particles of 1mm sizevds then stored in a clean plastic bag and uséuedsiosorbent
without any further treatment.

2.2 Solution preparation

Salt of Cd(NQ),.6H,O (analytical reagent grade) was dissolved in dexdlidtilled water to obtain a stock solution
of 1000 mg/ L. From this solution, aliquots werketa and made up to the mark in a 250 mL volumdlaiek to
give a final solution of 50 mg/L, 100mg/L, 150 mg/200 mg/L and 250 mg/L of cadmium. The initial pts
adjusted with 0.1 M HCI and 0.1 M NaOH solutiongngsa pH meter (TOAV pH meter (HM30P)) calibrateihw
standard buffer solutions.

2.3 Biosorption experiments

Batch biosorption experiments were carried out ¢étednine the effect of pH, adsorbent dosage on itadm
removal capacity of thBlangiferaindica. The pH experiment was conducted by agitatinggOof Mangifera indica
with 100 mL of cadmium solution of initial conceation 50 mgL* at different solution pH ranging from 2.0 to 7.0.
The initial metal concentration (50-250 mg/L) ahe biomass dose (100-500 mg) were carried out wsicwnical
flask on an orbital shaker for 5 h at 30 £@. The concentration of cadmium in the solutiofolbe and after
adsorption was determined using Perkin-Elmer (Aste®p0) atomic absorption spectrophotometer.

2.4 Adsorption kinetics and equilibrium studies

Kinetic experiments were carried out in 250 mL cahflasks containing 100mL each of 50-250 mg/lcadmium
solutions to which 0.1 g of the biosorbent was emtldAll the experiments were performed at pH 4.05ch.
Samples were collected from the flasks at predébeuntime intervals for analyzing the residual camtcation of
Cd* in the solutions. The residual amount of?Cih each flask was investigated using atomic abgmrpt
spectrophotometer. Similarly, the equilibrium esgments were conducted by adding to the 0.1 d/lahgifera
indica 100 mL of cadmium solution (50-250 mg/L) at’G0for 5 h. The concentrations of cadmium in theigoh
before and after sorption were determined using AR® amount of Cdions sorption at equilibrium,.qmg/g),
were calculated according to the following massibe¢ equation for the metal ion concentration

- Co_Ce\/

q
Coom (1)
where g. (Mmg/g) is the adsorption capacity at equilibriu@, and C, are respectively initial and equilibrium
concentrations (mg/L) of cadmium (I is the mass of adsorbent in grams ahid the volume of the solution in

liters.

RESULTS AND DISCUSSION

3.1. Effect of pH

The pH of the aqueous solution is one of the kenampeters which affects the biosorption of heavyatse The
effect of pH on the biosorption of cadmium is shawirig. 1. From pH 2-3 there was little effectthie adsorption.
At pH 3 there was a sharp rise in adsorption upHo4. The biomass becomes saturated and reach#ibragm
beyond pH 4. Thus the optimum pH at whihngifera indica adsorb Ctf was 4.
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3.2 Effect of biomass dose

The study on the effect of the biomass dddangifera indica) on the biosorption of Gwas determined at 30
+1°C as shown in Fig. 2. Fig. 2 showed an initiaréase in adsorption of €dwith respect to the increase in the
biomass dose up to 0.14 g. A transient equilibrivas reached from 0.14 g to 2 g after which there aalight
decrease in adsorption. At biomass deB8eg, adsorption increased gradually. The biomasg dvas also studied
with respect to different concentrations rangimgnfr50 mg/L to 250 mg/L. Fig. 2 showed that adsorptf Cd*
increased with increase in the initial metal concion. At 50 and 250 mg/L, the highest amoun€df‘removed
by the varying mass of adsorbent was 41.61 mg/c2aAdL mg/g respectively.

3.4 Effect of Contact Time

The time course for the adsorption of?Cdn Mangifera indica was carried out (Figure not shown). The amount of
metal biosorbed increased with contact time beifforeached a plateau which was an indication ofilégium. In

1.0 h large amount of the €dhas bound to the adsorbent. The initial high arhadimetal ions biosorbed was
attributed to the availability of binding sites ¢ime adsorbent.The rate of biosorption slowed aspproached
equilibrium. The adsorption of &tincreased gradually for concentrations of 50, 1080, 200 and 250 mg/L
before equilibrium was reached. At 50 mg/L the maxin amount of cadmium biosorbed was 51.12 mg/gendtil
250 mg/L the amount was 274.5 mg/g.
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Fig.1. Effect of pH on the adsorption of C&" on Mangifera indicaseedat 30 + 1°C
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Fig. 2 Effect of biomass dose on the biosorptiorf dCadmium (l1) ion on Mangifera indicaseed. Experimental conditions: pH 4,
temperature, 30 + £C

3.5Kinetic modeling

In order to analyze the sorption kinetics of cadmiions onMangifera indica, the three kinetic models namely
pseudo first order, pseudo second order and inaréicfe diffusion were applied to the data and tetated
parameters are shown in Table 1.

3.5.1 Langergren model
The linearized form of Langergren pseudo-first-ont@del is given by

K t
2.30¢

log(@, —q) =logq, - )

Where @ (mg/g) and q are the biosorption capacities ofilesorbent at equilibrium and at any time t, resipely;
ki is the langergren rate constant of the first okdesorption (F).

The plot of log(gq) versus t (h) for different concentrations ofligaum gives straight lines. From the plot (not
shown), k and q are determined from the slope and intercept résdg as reflected in Table 1. From Table 1,
Ocale) IS much lower than g, This indicates that the pseudo first order maslalot suitable for describing the
kinetics of adsorption of Gdby Mangifera indica seed.

3.5.2 The pseudo second order model
The linearized form of the pseudo-second order ¢hanmptions of metal ions in solution is expresssd a
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t_ 1 +£t

G ko' G

®3)

where k; (g/mg h) is the pseudo second order rate constasectind-order kinetics is applicable, the plot fxj
versust should show a linear relationship . The valuege@ndk, can be determined from the slope and intercept of
the plot. Table 1 also presents the rate parametelgained from the straight line plots dfgt versust for the
pseudo-second-order model (Fig. 4). According towhlues of the correlation factof®, in Table 1, the pseudo-
second-order kinetic model showed satisfactoryféitsCcf*. The experimental equilibrium sorption capacitigs,
©p, Obtained from the pseudo-second-order kinetic ehadere also in good agreement with the theoretical
equilibrium sorption capacities(gh) at all concentrations studied for Cdons. Similar results were reported by
[9]. These findings indicated that the pseudo-sdamder kinetic model was more suitable to desdifieeCd" ions
biosorption ontdMangiferaindica seed.

3.5.3 Intraparticle diffusion

The diffusion mechanism of adsorption cannot bdampd by pseudo first order and second order kimabdels,
hence the need to develop a more suitable modddeYsnd Morris [10] developed a widely accepteagkabased
model that represents the time dependent intracfantiffusion of components and showed that thgotion

process is diffusion controlled if the rate is degent upon the rate at which adsorbate and adgodiuse
towards one another. The time dependent intrapadiffusion equation is given by

o= Kp tO.S +C (4)

where gis the amount of metal ion adsorbed (mg/g) aettnimin) and I§(mgg‘l min® ?) is the rate constant of
intra-particle diffusion and c is the intercept ahigives information about the thickness of thertauy layers i.e,
boundary effect increases with increase in therdefg. Mangifera indica adsorption obeys intraparticle diffusion
pattern as evident by straight line passing throtigl origin (Figure not shown) which also indicated
enhancement in the rate of adsorption. Initialipog of the linear segments also revealed thaatieffect was due
to external mass transfer and remaining lineariguonivas due to intraparticle diffusion, kalues illustrated a

better adsorption mechanism, which was relatechtargroved binding between the cadmium and the raést
particles [11, 12].

Table 1 Comparison of pseudo—first order, pseudo-send order and intra-particle diffusion (Weber-Morr is) kinetic models for the
sorption of cadmium (1) ions onMangifera indica seed

First order kinetics Second order kinetics Webemrfdanodel
Initial conc. | Qeexp) | K1 | ge(calc) R? K, Oe(calc) K
(mg/lL) | (mglg) | (0 | (mg/g) (g(mgh)) | (mg/g) P
50 49.9 0.05 19.9 1.000 20.0 50.0 2.35
100 99.8 0.12 12.8 1.000 5.01 100|0 4.71
150 149.9| 0.14 3.88 1.000 55.6 1493 7.07
200 197.6 | 1.08 2.07 1.00D - 200/0 9.42
250 249.9 | 0.33 2.68 1.00D 320.1 250.0 11.8
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Fig.4 Pseudo-second-order kinetics for the biosotien of Cd?* ions by Mangifera indicia seed at30 + 1°C
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3.6 Sorption isotherms
The sorption process was quantified from the egilm parameters obtained by fitting the experirakbdéata to the
two mathematical models usually employed in literat Langmuir and Freundlich.

The Langmuir model assumes monolayer adsorptioe.lifkar form of the Langmuir isotherm equatiogiigen by
the following:

whereq, is the monolayer biosorption capacity of the bibsot (mg/g); and & the Langmuir constant (L/mol),
and is related to the free energy of biosorptiorplét of G/qe versusC, for the biosorption of Cd* ions onto
Mangifera indica (Fig. 5) showed a straight line of slopeQd/and intercept, Q,a. TheR? andQ, values in Table

2 suggested that the Langmuir isotherm may be taldai model and the maximum monolayer biosorption
capacities was found to be 833.3 mg/g for Cd.

The essential characteristics of a separationfaétois defined by

1
E =——
-~ (1+ac,) (©)

In this expression {s the initial concentration of the adsorbent #melvalue obtained is related to the shape of the
isotherm sorption [13], that can be unfavorable ¥R.), linear (R = 1), favorable (0 < R< 1) or irreversible (R=
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0). Value of E, was found to be 9.6xT0for Cd This confirmed thaMangifera indica is favourable for the
biosorption of Cd under conditions used in thisigtu

The Freundlich isotherms is an expression thatsde@h surface heterogeneity of adsorbent. Theesgion is
given by

logq, = logK. +1 logC,
n (7)

whereqe is the equilibrium metal concentration on the bisméng/g).C. is the equilibrium metal concentration in
the solution (mg/L)K (L/g) andn (dimensionless) are Freundlich isotherm constdratihdicate the extent of the
biosorption, and the degree of nonlinearity betwsetution concentration and biosorption, respettivé@he
Freundlich model plots for the biosorption of?dontoMangifera indica biomass at 3T is presented in Fig. 7.
The numerical values of the Freundlich constanfor Cd* is 1.35. Since the values pfis greater than unity, it
indicate that the metal is favorably biosorbed Mgngifera indica at the experimental temperature. Freundlich
model fitted better for Cd & 0.97) than for Langmuir model {R 0.54).

Table 2 Langmuir and Freundlich isotherm for cadmium (l1) ion biosorption on Mangifera indicaat 30 + 1°C

Langmuir Freundlich
R’ | Q(mg/g) | a(limg) E R K [ n
0.57 833.3 3.8x10 | 9.6x10° | 0.97 | 5.61] 1.35

0.6

0.5 - [ ]

O I I I I 1
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Fig. 5. Langmuir adsorption isotherm of cadmium (ll) ion onMangifera indicaat 30 + £C
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Fig. 6. Freundlich adsorption isotherm of cadmium [{) ions on Mangifera indicaat 30 + C
CONCLUSION

This study provided valuable information about ffoeption behaviour oMangifera indica. The pH, initial metal
ion concentration, adsorbent dosage and contaet kiave effect on the extent of adsorption of >*ddns on
Mangifera indica seed. The maximum uptake of Cdons occurred at pH 4. Adsorption of Cdncreases with
increase in the initial metal concentration. At&@ 250 mg/L, the highest amount of’@dmoved by the varying
mass of adsorbent were 41.61 mg/g and 214.1 mgfmectvely. The study also investigated the kirsetind the
equilibrium of the uptake of Gdon Mangifera indica seed. In 1.0 h a large amount of thé'Gths bound to the
adsorbent. Pseudo —second order model best dabdtibekinetics of the biosorption of Edions. Biosorption
equilibrium was better described by the Freundhobdel than the Langmuir model. The maximum moraiay
biosoption capacity oflangifera indica for Cof* was 833.3 mg/gMangifera indica has proved from this study to
be a low cost and easily sourced biosorbent foreheval of C4" ions from industrial wastewater.
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