http://www.pjbs.org P] B S ISSN 1028-8880

Pakistan
Journal of Biological Sciences

ANSIlzet

Asian Network for Scientific Information
308 Lasani Town, Sargodha Road, Faisalabad - Pakistan




Pakistan Journal of Biological Sciences 8 (9): 1250-1255, 2005

ISSN 1028-8880
© 2005 Asian Network for Scientific Information

Kinetics Modeling of Lead (II) and Cadmium (II) Biosorption from
Aqueous Solutions by Brown Algae Sargassum sp. Biomass
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Abstract: Biosorption kinetics of lead (IT) and cadmium (IT) from aqueous solutions by Sargasswm sp. biomass
were studied. Kinetic experiments were done in three initial concentrations of Pb*" and Cd* and fixed initial ratio
of adsorbate to biosorbent in single component batch system. The heavy metals uptake was found to be rapid
for all concentrations and reached to 88-96% of equilibrium capacity of biosorption in 15 min. Monitoring of
pH in the kinetic experiments presented the simultaneous release of H' with the uptake of Pb* and Cd”,
therefore ion exchange was confirmed to be one of the biosorption mechanisms. The experimental data were
analyzed using four sorption kinetic models; the pseudo first-order (Langergren), pseudo second-order,
saturation (mixed-order) and second-order rate equations. The pseudo second-order and saturation rate
equations described the biosorption kinetics of Pb* and Cd* with high correlation coefficient (R*>0.99) and
better than the other equations. Kinetic analysis presented a direct relationship between initial Pb* and Cd*
concentrations and the rate of biosorption. The maximum uptake capacities of Sargassum sp. biomass for Pb™
and Cd* were obtained 1.07 and 0.79 mM g, respectively.
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INTRODUCTION

Aqueous heavy metals pollution represents an
important environmental problem due to their toxic effects
and accumulation throughout the food chamn. Among
heavy metals, lead and cadmium have lugh priornity for
removal form aqueous environments! ],

The conventional technologies used to remove
heavy metals from wastewater include, mainly, chemical
precipitation, 1lon exchange, adsorption, membrane
processes and evaporation™®. These methods have been
found to be limited, since they often involve high capital
and operational costs and may also be associated with the
generation of secondary wastes which present disposal
problems”™. Therefore, there is an urgent need for
development of innovative but low cost processes, where
metal 10ns can be removed economically. The search for
new treatment technologies has focused attention on
biosorption®?.

Biosorption, the uptake of heavy metals by non-
living biomass, can reduce capital costs by 20%,
operational costs by 36% and total treatment costs by

28%, compared with the conventional methods!. A
number of different metal binding mechanisms have been
postulated to be active in biosorption such as ion
exchange, complexation, coordination, chelation, physical
adsorption and microprecipitation™. The biosorption
technology can utilize naturally abundant biomass such
as seaweeds and of these Sargassum has been identified
for its high sorption capacity. Sargassum contamns high
amounts of alginate, well locked within its cellular
structures, with abundant carboxylic groups capable of
capturing metal ions present in solution. Tt is especially
the guluronic acid in alginate that offers these functional
groups for biosorption!*'¥,

Biosorption kinetics of heavy metals using various
biosorbents have been studied. Toukidou et ol
investigated the kinetic of chromium (VT) biosorption by
Aeromonas caviae and the pseudo second-order rate
equation was found i the best fitness with the
experimental data. Kinetic data of cadmium (1) bios orption
by chitin presented high correlation with the pseudo
second-order rate equation’”. Bioscrption of cobalt by
Ascophyllum nodoswn was very rapid and reached to
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equilibrium in 10 min"®. Zhang et al."” observed that lead
(II) biosorption on non-living Rhizopus nigricans reached
equilibrium n 2 h and the biosorption rate was fast in the
first 20 min. Cadmium (II) biosorption on Aspergilfus
oryzae reached equilibrium in Th with 90% of biosorption
taking place in the initial 10 min™”.

The objective of this research was to study the
bicsorptien kinetics of Pb™ and Cd * by Sargassum sp.
biomass. In order to analyze the experimental data of
biosorption kinetics, the pseudo first-order, pseudo
second-order, saturation and second-order rate equations
were used.

MATERIALS AND METHODS

Preparation of biosorbent: The biosorbent used n
experiments was brown algae, Sargassum sp. The biomass
was harvested from Oman Sea on the coast of Chabahar,
Tran. The biomass was washed with tap water and
de-1onized water to remove sand and other impurities. The
biomass sun-dried and then dried in an oven at 70°C.
Dried biomass was ground 1n a laboratory blender. After
this, the biomass was sieved to select particle between
0.2-0.3 mm for use. The biomass was subsequently loaded
with H" in a solution of 0.1 M L™ HCl (biomass
concentration of 50 g L™") for 30 min under slow stirring.
Later the biomass was washed with de-iomzed water to
remove excess H'. Finally the biosorbent again dried at
70°C for 24 h.

Kinetic experiments: Kinetic experiments were done in
three initial concentrations of Pb* and Cd” and fixed
mitial ratio of adsorbate to biosorbent mside the
single-component batch system with solutions volume of
1 L. Initial metal concentrations were 0.5, 1 and 5mM L™
and initial ratio of a dsorbate to biosorbent was
2 mM g7, therefore 2.5, 0.5 and 0.25 g of the biosorbent
were added to experiment vessels with mitial metal
concentrations of 5, 1 and 0.5 mM L™, respectively.
Synthetic solutions of Pb* and Cd” were prepared using
de-ionized water and nitrate salts of Pb(NO,), and
CdA(NO,),.4H,0 (Merck supplied).

The experiments were conducted at room temperature
(20+°C). In all experiments, the mixture of solution and
biosorbent was agitated in 200 rpm. Initial pH of solutions
was adjusted with a pH meter (CAMLAB Ltd, Model
C(G842) to 5 by using 0.1-1 M L™ HCl and 0.1-1 M L™
NaOH and pH of the solutions was monitored
continuously. The experiments were continued for 5 h and
samples were drawn from the mixture at pre-determined
time intervals for analysis.

Metal analysis: The biomass was removed by filtration
through 0.45 pm membrane filters (mixed cellulose ester)

and filtrates were analyzed for residual metal
concentration by a flame atomic absorption
spectrophotometer (FAAS, Chem. Tech Analytical, Model

ALPHA4).

Kinetics modeling: Kinetics of Pb* and Cd* biosorption
were modeled by the pseudo first-order (Langergren),
pseudo second-order, saturation (mised order) and
second-order rate equations presented below as Eq. (1-4),
respectively:
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where, ¢, and g, are the amounts of metal ion sorbed (mM
g™ at equilibrium and at any time, respectively; k; is the
pseudo first-order rate constant of adserption (min™"); k,
1s the pseudo second-order rate constant of adsorption (g
mM 'min "), C, and C, are the concentrations of metal ion
{mM L") at t = 0 and at any time, respectively; k, (mM L™
min ') and K (mM L™) are saturation rate constants of
adsorption and k 1s the second-order rate constant of
adsorption (g mM ™' min™" "4,

RESULTS AND DISCUSSION

Kinetics study: The kinetic profiles of Pb*™ and Cd”
biosorption by Sargassum sp. at various imtial metal
concentrations and fixed imtial ratio of adsorbate to
biosorbent (2 mM g ) are shown in Fig. 1. Pb* and Cd”™
uptake was relatively fast for all the concentrations
studied. At the initial Pb® concentration of 5 mmol L%,
the system reached to equilibrium within 30 min. In
general, the heavy metals uptake reached to 88-96%
equilibrium capacity of biosorption in 15 min. This rapid
kinetics has significant practical importance as it will
facilitate smaller reactor volumes ensuring efficiency and
economy. Similar rapid metal uptake has been reported for
the biosorption of Pb* using Eckionia radiata wherein
the system reached over 50-60% of the equilibrium uptake
capacity in 10 min™!. The kinetic of chromium (III)
biosorption by Sargassum sp. biomass was fast,

[24]

reaching 60% of the total uptake capacity in 10 min'**.
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Fig. 1. Kinetic profiles of (a) Pb* and (b) Cd*
biosorption by Sargassum sp.

The biosorption of lead (IT) by Durvillaea potatorum was
rather rapid and 90% of the total uptake occurred in
30 mint*,

Equilibrium capacities of Pb* biosorption were
obtained 0.98, 1.01 and 1.07 mM g~' at initial
concentrations of 5, 1 and 0.5 mM L™, respectively (Table
1). In this manner equilibrium capacities of Cd*
biosorption were obtained (.57, 0.65 and 0.79 mM g™ at
initial concentrations of 3, 1 and 0.5 mM 17", respectively
(Table 1). As imtial metals concentration increased, the
equilibrium capacity of uptake decreased, thus the
biosorption of Pb* and Cd*" by Sargassum sp. biomass
had higher efficiency in lower initial metal concentration.

Survey of pH variation: Momtoring of pH 1n the kinetic
experiments presented the simultaneous release of H” with
the uptake of heavy metals, because pH of solutions was
decreasing when the biosorption of Pb* and Cd™ was
being done. Imitial pH of solutions was adjusted to 5 and

Table 1: Kinetic parameters of the pseudo first-order and pseudo second-
order rate equations for the biosorption of Pb?* and Cd** by

Sargessum sp.
Cy Pseudo first-order model Pseudo second-order model
Metal (mM
ion L™ g, k, R? Q. k; R?
Pb** 5 098 021 0.879 0.99 1.86 1.000
1 1.01 014 0.839 1.01 0.83 1.000
0.5 1.07 012 0.880 1.08 0.52 1.000
cd* 5 057 011 0.377 0.57 1.07 1.000
1 065 013 0.817 Q.66 0.93 1.000
05 079 012 0.464 0.79 0.87 1.000

Cy = Initial concentration of metal ion, R = Correlation coefficient

Table 2: Kinetic parameters of the saturation and second-order rate
equations for the biosorption of Pb** and Cd** by Sargassien sp.

C Saturation model Second-order model
Metal (mM
ion L) K ky R? q. k R?
Pb** 5 -3.88 0.0034 0.999 0.98 4.53  0.507
1 -0.80 0.0010 0.998 1.01 243 0.782
0.5 -0.40 0.0007 0.997 1.07 0.71 0.825
Cd* s -4.46 0.0011 1.000 0.57 0.98 0.962
1 -0.88 0.0004 0.999 0.65 141  0.760
0.5 -0.42 0.0002 1.000 0.79 0.91  0.860

Cy =Initial concentration of metal ion; R = Correlation coefficient

final pH of solutions with initial Pb* concentrations of 3,
1 and 0.5 mM L' were obtained 2.53, 3.25 and 3.47,
respectively. Also final pH of solutions with initial Cd*
concentrations of 5, 1 and 0.5 mM L~ were obtained 3.01,
3.51 and 3.75, respectively. This observation confirmed
that 1on exchange was one of the biosorpton
mechanisms. Diniz and Volesky'? cobserved that ion
exchange was the main mechanism of lanthenum,
europium and ytterbium biosorption by Sargassum
polycystum. The biosorption of Zn*' by Oscillatoria
anguistissima was an ion exchange phenomenon as a
large amount of Mg”™ was released during Zn®* uptake!™.
Other studies with seaweed and fimgal biomass have
indicated ion exchange as the dominant mechanism of
biosorption®’ !,
Kinetics analysis: Figure 2 (a)-(d) and 3(a)-(d) show
kinetics modeling of Pb* and Cd* biosorption by linear
plots of the pseudo first-order, pseudo second-order,
saturation and second-order rate equations (Hg. 1-4).
Kinetic parameters of these equations for biosorption of
Pb* and Cd* by Sargassum sp. biomass were shown in
Table 1 and 2. The pseudo second-order and saturation
rate equations described the biosorption kinetics of Pb*
and Cd* with high correlation coefficient (R*>0.99) and
better than the other equations. Kinetics analysis of Pb™,
Cd”, Ni* and Zn™ biosorption by Mucor rouxii
represented that the pseudo second-order rate equation
described the biosorption kinetics better than the
Langergren model™.

The rate constants obtained from the pseudo
second-order rate equation for Pb™ biosorpticn are 1.86,
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Fig. 2: Kinetics analysis of Pb™ biosorption by linear plots of (a) pseudo first-order, (b) pseudo second-order, (c)
saturation and (d) second-order rate equations
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Fig. 3: Kinetics analysis of Cd* biosorption by linear plots of (a) pseudo first-order, (b) pseudo second-order, (c)
saturation and (d) second-order rate equations
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0.83 and 0.52 g mM ™ min~" at initial Pb* concentrations
of 5,1 and 0.5 mM L', respectively (Table 1). Also the
rate constants of the saturation rate equation for Pb*
biosorption are 0.0034, 0.0010 and 0.0007 mM L~ min " at
initial Pb* concentrations of 5, 1 and 0.5 mM L7,
respectively (Table 2). The rate constants obtained from
the  pseudo second-order rate equation for Cd*
biosorption are 1.07, 0.93 and 0.87 gmM ™~ min " at initial
Cd* concentrations of 5, 1 and 0.5 mM 1.7, respectively
(Table 1). Also the rate constants of the saturation rate
equation for Cd* biosorption are 0.0011, 0.0004 and
0.0002mM L' min " at initial Cd** concentrations of 5, 1
and 0.5 mM L™, respectively (Table 2). An increase in
initial Pb*" and Cd* concentration led to an increase in the
rate constant value, therefore there was a direct
relationship between initial Pb* and Cd”™ concentration
and the rate of biosorption by Sargasswm sp. biomass. In
other words, the bicsorption of Pb* and Cd*™ by
Sargassum sp. was faster in higher initial metal ion
concentration.

Kinetic study was presented that Pb*" and Cd*
biosorption by Sargassum sp. blomass was relatively
rapid, so that the heavy metals uptake reached to 88-96%
equilibrium capacity of biosorption m 15 min. The
biosorption of Pb* and Cd*" had higher efficiency in lower
mitial metal concentrations. The maximum uptake
capacities of the biosorbent for Pb* and Cd* were
obtained 1.07 and 0.79 mM g', respectively. Ion
exchange was confirmed as one of the biosorption
mechanisms. Kinetic analysis of Pb* and Cd* bioserption
by Sargassm sp. biomass represented that the pseudo
second-order and saturation rate equations described the
biosorption kinetics better than the pseudo first-order and
second-order rate equations. According to the pseudo
second-order and saturation rate equations, the
bicsorption of Pb* and Cd* by Sargassum sp. was faster
in higher initial metal ion concentration.
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