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Abstract: In ithis istudy igreen iplant imaterial iBruguiera igymnorhiza i(Mangrove ileaf ipowder) iwas iused ifor ithe
ibiosorption iof ilead i(ll) iions iby iAtomic iabsorption ispectrometry. iln ia ibatch iprocess iBruguiera igymnorhiza iwas
iexposed ito iseveral iaspects, ipH i(2-6) iand itemperature i(25-55°C) iin ithe ipresence iof idifferent ilead iconcentrations
i(25-125 img/L) ifor i2h. iThis ipaper istudies ithe iEquilibrium iisotherms, ikinetic iand ithermodynamic iparameters
icalculations. iThe ihighest ioccupied ilead iconcentration iwas ifound iat ipH i5 iwhich iwas i197.6% iat iinitial iconcentration
iis 125 img/L. iThe imaximum ilead iaccumulation iwas iobtained iat i25°C ias i10.044 img/g iin 1125 img/L iat ipH i5.0, iand
ithe iminimum iwas iat i55°C ias 11.821 img/g iat idosage iof 110 ig/L iand iinitial iconcentration iof i25 img/L. iLead
iadsorption iincreased iup ito i75 img/L, ibut idid inot ichange isignificantly iin ithe i75-100mg/L irange. iEquilibrium idata
ifit iwell ito ithe iFreundlich iisotherm. iThe ikinetic idata ifollows ithe ipseudo-first-order imodel. iFinally ithe iadsorbent iwas
icharacterized iby iFT-IR iand iXRD. iThe ibiomass iof iBruguiera igymnorhiza iis ian ioptimistic iand icost-effective,
ibiosorbent ifor ilead i(Il) iremoval ifrom iaqueous ienvironment iand iadsorption icapacity iit’s igood, ieasy iof isampling
ianalysis, ias iwell ias iavailability

Keywords: iBiosorption; iBruguiera igymnorhiza; ikinetics; ilsotherms; iThermodynamics.

1. Introduction

In recent years Lead has been introduced into natural water from a variety of sources such as
storage batteries, lead smelting, electro plating and finishing, printing, photographic materials, pigment
and dye industries, explosive manufacturing, tetraethyl lead manufacturing, ceramic and glass industries,
etc. (Majumdar et al.,, 2010; Yurtsever and Sengil, 2008; Gercel and Gercel, 2007). The permissible
limit of lead in drinking water is 0.05 mg/l as per United States environmental protection agency.
Excess Lead in drinking water can also cause a variety of adverse health effects. In individuals of all
ages, lead can cause anaemia, kidney malfunction, impaired function of peripheral nervous system, high
blood pressure, reproduction abnormality, developmental defects, abnormal vitamin D metabolism, colic-
like abnormal pains, dementia, madness and, in some situations, death (Ferreira et al., 2011; Hurd et
al., 2008, Kazi et al., 2008; Okoro and Ejike, 2007, Afridi et al., 2006). Due to toxic effects of lead
and other toxic metal ions, the removal of them from water and wastewater is important in terms of
protection of public health and environment (Unlu and Ersoz, 2006). There are several techniques for
removal of lead such as precipitation, evaporation, reverse osmosis, electroplating, ion-exchange,
membrane separation, etc. from the aqueous solution. When heavy metals are present in low
concentrations almost all of these methods were found to be either prohibitively costly or unacceptably
inefficient (Sulaymon et al.,, 2013).The most common technique is adsorption and it is a well-
established and powerful technique for treating both domestic and industrial effluents ( Ozcan et al.,
2009 and Sulaymon et al., 2012).

Bioadsorbents have emerged as one of the potential alternatives for removal of heavy metals and
metalloids. Plants, algae, fungi are some of the biomass derived adsorbents which are capable of
removing heavy metals and metalloids from aqueous solution by adsorption (Mohan et al, 2007).
Cinnamomum camphora leave’s powder was investigated as a biosorbent for the removal of Cu (II)
and Pb (Il) ions from aqueous solutions (Chen et al., 2010). Furthermore, it was reported that Moringa
oleifera leaves extract is a good sorbent for Pb (II) from aqueous solution (Reddy et al., 2010). A
batch adsorption study of Cd (llI) ions from aqueous solution by Hevea brasiliensis (HB) leaf powder
has also been reported (Hanafiah et al., 2006). Sharma and Bhattacharyya, (2005) have studied the
adsorption of Cd (Il) using neem leaf powder. In addition, the leaves of the olive tree (Olea europaea)
were proposed as a novel adsorbent for the removal of Cd (Il) from solutions (Hamdaoui, 2009).
Recently, extensive studies on Cd (ll) adsorption taking powdered leaves of a variety of trees have
been carried out (Pandey et al., 2008).
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Several biomaterials had been exploited for the removal of Pb (II) from aqueous solution, such as
using fungal biomass of Aspergillus niger (Jianlong et al., 2001), biomass of marine algae (Jalali et al.,
2002), bacterial dead Streptomyces rimosus biomass (Selatnia et al., 2004), activated carbon prepared
from biomass plant material of Euphorbia rigida (Gercel and Gercel et al., 2007), Chrysophyllum
albidum Seed Shell (Amuda et al., 2007), wheat Stems biomass (Tan and xiao 2008), biomass of
hazelnut and almond shell (Pehlivan et al., 2009), biomass of Phaseolus vulgaris (Ozcan et al., 2009),
Mucor rouxii biomass (Majumdar et al., 2010), biomass of Brevundimonas vesicularis (Resmi et al.,
2010), filamentous fungal biomass-loaded TiO2 nanoparticles (Bakircioglu et al.,, 2010), pine cone
activated carbon (Milan et al., 2011), a nonliving moss biomass (Bamidele et al., 2012), Ficus Hispida
leaves powder (Namdeti and Pulipati 2013) and biomass of Maize stover (Guyo et al., 2015).

Andaman and Nicobar archipelago is one of the mega-biodiversity hotspots of India. The archipelago
located in the Bay of Bengal, lying between 6450 -13450 N and 92120 -93570 E in the Indo
Burmese microplate junction. The islands are spread over a distance of 1,120 km with a coast line of
1,962 km. The close proximity of these groups of islands to the equator and the irregular and deeply
indented coast line, creeks, bays and estuaries facilitate the rich and diverse mangrove forests. Rozaini
et al. (2010) identified that mangrove bark has a potent adsorbent for Ni(ll) and Cu(ll) ions from
aqueous solutions. The current study was aimed to determine the capability of mangrove leaves from
Andaman and Nicobar islands as a potent adsorbent to remove the Lead (1) from aqueous solutions.

The aim of this work is removal of Pb (Il) on Bruguiera gymnorhiza, there has been no reported
work on lead ions from aqueous solution. In this study, the biosorption behavior of Pb (Il) from
aqueous solution using Bruguiera gymnorhiza was studied under various conditions, such as contact
time, solution pH, temperature and different concentrations, with the aim of determining the mechanism
for the removal of Pb (Il) from aqueous solution by biomass of Bruguiera gymnorhiza. In addition,
equilibrium and Kinetic studies were carried out. Langmuir and Freundlich isotherm models were
applied to fit the experimental data. FTIR, SEM, and XRD were also used to illuminate the
biosorption process.

2.Materials iand imethods
2.1Preparation iof ibiosorbent iBruguiera igymnorhiza

The Mangrove leaves (Bruguiera gymnorhiza) under study were collected from from mangrove plants
located in the Minnie Bay area, Port Blair, Andaman and Nicobar islands, India. The collected
Mangrove leaves were washed with deionized water several times to remove dirt on the surface of the
leaves. The washed leaves were dried in sunlight for 15 days and were powdered using domestic
mixer. The powdered biomass was sieved through 200 mesh sieves and biomass powder was preserved
in a humidity control oven to maintain a standard humidity throughout for equilibrium studies during
the entire period of study.

2.2.Preparation iof istock isolution

All the chemicals used were of analytical reagent grade. Stock Pb (Il) solution (1000 mg/L) was
prepared by dissolving required amount of Pb(NOs), in double distilled water. All the experimental
solutions were prepared by diluting the stock solution. The test solutions of the pH were adjusted by
reagent grade 0.05N of Hcl and 0.05N of H,SO..

2.3.Equilibrium iStudies

The experiments were carried out in 250 ml Erlenmeyer conical flasks, at a constant agitation speed
(200 rpm) with 50ml solution with various metal concentrations (19.21, 36.12, 68.056, 73.85 and
109.44mg/L) and required amount of adsorbent (5, and 10, g/L) using orbital shaker. Initially the effect
of contact time (0-120 min) on the sorption capacity of Bruguiera gymnorhiza was evaluated.

2.4.Analytical iprocedure

An atomic absorption spectrophotometer (Perkin Elmer AA400) with an air acetylene flame was
determining the concentrations of un-adsorbed Pb (I1) ions in the sample supernatant liquid. C, and C*
were determined and tabulated for subsequent analysis of the experimental data. The metal uptake (Cs)
was calculated using the general definition:
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_V(C,~C")

C,
M
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WhereCs is the metal uptake mg/g biomass, V is the volume of metal containing solution in contact
with the biosorbent in L, C, and C" are the initial and equilibrium (residual) concentration of metal in
the solution mg/L, respectively, and M is the amount of added biosorbent in g. Metal % of removal
by Bruguiera gymnorhiza was determined by equation 2 as follows:

C,-C’
R(%) = OC—XlOO 2

0

Where R is the percentage of Pb (Il) adsorbed by biomass, C, is the initial concentration of metal
ions in mg/L and C” is the concentration of metal ions at time t in mg/L.

2.5.Biomass icharacterization
2.5.1.FTIR istudies i

The powdered biomass, prior and after adsorption was air dried, and demoisturized at 60 _C in
humidity control oven. The powder was analysed by Fourier transform infra red spectrophotometer.
FTIR studies were conducted by Potassium Bromide (KBr) pellet method (Jasco 5300) in the wave
number range of 400.00-4000.00 cm_1.

2.5.2.Scanning ielectron imicroscopy i

The dried bio mass powders and the corresponding metal ion loaded powders were coated with
ultra-thin film of gold by an ion sputter (JFC-1100), exposed under electron microscope (JEOL, JX-
8100) at working height of 15 mm with voltage ranging between 10 and 25 kV.

3.Results iand idiscussion

The experimental data on biosorption were obtained batch wise to study the effect of various
parameters on the removal of lead ions from the aqueous solutions prepared in the laboratory by using
Bruguiera gymnorhiza (mangrove leaf powder).

Effect of contact time

Experiments were conducted to estimate the time required to reach the sorption equilibrium by taking
an initial charge of 50 ml of aqueous solution containing Pb (Il) ions and the required quantities of
biomass. The mixture was shaken in an orbital shaker, the samples were drawn at regular time
intervals and the metal concentration was estimated using AAS. The data of concentration of metal ion
Ci, in solution with time are shown for different quantities of biomass in Fig .1.
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Figure 1: Variation of Pb (ll) concentration in solution with time at various quantities of biomass at
25°C, 50 mg/L and pH 5.
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The effect of contact time was studied on % adsorption of Pb (Il) over a time period of 1-120
min, using 0.25 g of Bruguiera gymnorhiza biomass powder (diameter of particle; dp 0.074mm),
initial Pb (1) concentration is 50+0.324 mg L* at pH 5 and temperature 25°C. Percentage adsorption
increased from 35.3 to 71.24% during a contact time period from 1 min to 120 min. The rapid initial
sorption was likely due to extra-cellular polymeric sites (ionizable) binding and the slower sorption
resulted from intracellular binding (Areco and Afonso, 2010, Maria and Maria dos, 2010, sarada et al.,
2013) on adsorbent. Similar studies was performed with 10 g/L of biomass concentrations in aqueous
solutions and the results indicated that the 2h is the optimum time of contact for the range of
concentrations used.

Effect of pH

The pH effect of solution on the adsorption of Pb (Il) ions onto Bruguiera gymnorhiza was studied
by changing the solution pH values with in the pH range of 2.0-6.0 and the results are shown in Fig.
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Figure 2: Effect of pH on the lead removal percentage at various initial Pb (Il) concentrations
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Figure 3: Metal uptake at various pH solutions.

The uptake of biomass was found to increase with the increase in pH as shown in fig.3. It was
found to have a high content of carboxyl groups that render it susceptible to pH changes. Similar
observations were reported earlier by several investigators (Wang and Chen, 2009; Yi-Chao and Shui-
Ping 2011). Fig.2 shows that an increase in initial pH from 2.0 to 5.0 resulted increased %
biosorption of Pb (lI) from 84.3% to 97.6% at an initial metal concentration of 19.21 mg/L. A drastic
fall in % biosorption as low as 95.44% was observed at pH value of 6.0, It may be because of the
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tendency of precipitation of lead as Pb(OH); (Yi-Chao and Shui-Ping 2011). Consequently, a pH value
of 5.0 was used as the optimum of pH throughout the experimental conditions to avoid the formation
of metal hydroxides. Similarly, for all other concentrated solutions, similar trend was observed. As the
pH increased the ligands such as carboxylate groups in Bruguiera gymnorhiza. would be exposed,
increasing the negative charge density on the biomass surface, increasing the attraction of metallic ions
with positive charge and allowing the biosorption onto the cell surface (Namdeti and Pulipati, 2014).

Effect of temperature

All the experiments with Pb (II) were conducted in the temperature range of 25-55°C, the %
removal of lead by Bruguiera gymnorhiza biomass decreases from 97.6 to 94.1% with increase in
temperature in the range 25-55°C at initial concentration of 19.21 mg/L (Fig.4). The similar trend was
observed at all initial Pb (Il) concentrations. In most of the chemical reactions the temperature is
expected to activate the process increasing the heat or mass transport processes. Sorption capacity of
the biomass has decreased with increase in temperature, rise in temperature has a tendency to desorb
the adsorbed metal ions from the surface to the solution. The same trend was observed for other initial
metal concentrations and was supported by the earlier report (Aksu, 2001).
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Figure 4: Variation of % removal of Pb (Il) with various temperatures at different initial
concentration of Pb (Il) at biomass 10 g/L and pH 5.

4 Effect iof imetal iion iconcentration

The effect of initial Pb (1) concentration on the metal uptake was shown in Fig.5. The adsorption
capacity (ge) of the biomass increased from 2.879 to 10.536 mg g¢-1 with increasing Pb (II)
concentration from 48.31 mg L-1 to 186.71 mg L-1 at sorbent dose of 10g L-1 with the temperature
of 25°C and pH 5. An increase in the initial ion concentration provides a larger driving force to
overcome all mass transfer resistances between the solid and the aqueous phase, which results in higher
metal ion adsorption. Similar observations also were made by earlier investigators (Mohammad et al,
2011) in their studies on the adsorption of Lead.
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Fig. 5. Variation of % removal of Pb (Il) with various Initial concentrations at temperature of 25°C,
pH 5 and biomass 10 g L-1.

5. Effect iof iadsorbent idosage

Biosorbent dosage determines the potential of biosorbent through the number of binding sites
available to remove metal ions at a specified initial metal ion concentration. The effect of amount of
biomass was studied on the biosorption of Pb (1) using Bruguiera gymnorhiza. The % removal of Pb
(1) on Bruguiera gymnorhiza ranged from 54.98 to 80.02 (Fig.4) at a pH value of 5 at 24.8 mg/L
and the uptaking capacity declined from 12.39 to 1.93 mg g-1 when increasing the biomass dosage
from 5 g L-1 to 20 g L-1. The similar trend was observed for all initial metal ion concentrations.
This decrease could be due to the concentration gradient between the sorbent and the sorbate; an
increase in biomass caused a decrease in the amount of metal sorbed onto a unit weight of the algae.
Moreover, the increase in percentage biosorption of metals by increasing the biomass dosage is due to
an increase in the number of active sites and surface area available for biosorption. Similar trends have
been reported in the literature (Taqvi et al, 2006; Gupta and Rastogi, 2008; Yi-Chao and Shui-Ping
2011). From Fig.6 we can conclude that percentage adsorption increased with decrease in biomass
dosage.
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Fig. 6. Effect of Biomass wieght (a) Variation of % Pb (llI) sorption (b) metal uptake with biomass
weight at temp 25°C, pH 5 and at various initial metal concentrations.

6.Equilibrium iisotherms

Langmuir Isotherm

The equation proposed by Langmuir is universally applicable to chemisorption with some limitations
involving physical adsorption (Dabrowski, 2001). This equation is applicable to the physical or chemical
adsorption on solid surface with one type of adsorption active center. Linear form of the Langmuir
equation is given by

*

cC 1 c
_— = 4 —
C. Cb C,

©)

Where ‘Cn’(mg/g) is the maximum amount of the metal ion per unit weight of adsorbent to form a
complete monolayer on the surface. ‘Cs’ is equilibrium adsorption capacity (mg/g), ‘C* is the
equilibrium concentration of the adsorbate in solution (mg/L), and b is a constant which accounts for
the affinity of the binding sites (L/mg). C represents the limiting adsorption capacity when the surface
is fully covered with metal ions and helps in the evaluation of adsorption performance, particularly in
cases where the sorbent did not reach its full saturation during contact. It is the most widely used
simple two parameter equation (Langmuir, 1918). From the plots between (C*/Cs) and CTthe slope
(1/Cm) and the intercept (1/ Cmb) can be calculated.
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The Langmuir constant used to determine the suitability of the adsorbent to adsorbate by using
dimensionless factor R (Hall separation factor) calculated by:

SN
1+ bC

(4)

0 <R <1 indicates favorable for adsorption, RL> lindicates un-favorable for adsorption R = 1
indicates linear adsorption, RL = 0 indicates irreversible adsorption.
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Figure 7: Langmuir plot of Bruguiera gymnorhiza at various temperatures at pH 5

The linearized Langmuir adsorption isotherms of Pb (Il) onto Bruguiera gymnorhiza were obtained at
different temperatures. Adsorption constants and correlation coefficients are shown in Table.l
C’/CsvsC™plot yielded a straight line with R? (0.970) indicating the sorption data could be represented
by the Langmuir model (Fig. 7). The higher adsorption capacity, gm(»1) indicated the strong
electrostatic force of attraction and b is a constant which accounts for the affinity of the binding sites
(L/mg) Moreover, the b values are 1.030928, 1.02145, 1.029866L/mg indicating that biosorption
capacity of Bruguiera gymnorhiza biomass for Pb (Il) is higher. The adsorption of Pb (II) on powder
surface is thus a highly favourable process. Further, it is observed that the sorption of lead is more
favourable at higher Pb (Il) initial concentration (109.44 mg/L) than for the lower ones (19.21 mg/L).

Table .1. Langmuir and Freundlich isotherm model parameters for Pb (I1) onto Bruguiera

gymnorhiza
Langmuir constants Freundlich constants
Temp.(°K) ) Cm(mg o ) b (L mmol R? Ke N -
298 13.333 0295276 . 0.970 032061 | 5 1.79211 o7 0.9
318 12.658 0511024 0979 | 0.46451 : 1.78253 N 0.9
328 12.3456 0316696 0971 |, 053579 ] 1.79211 N 0.9

7.Freundlich ilsotherm

An adsorption isotherm was proposed by Boedecker (Dabrowski, 2001) which was later modified by
Freundlich (Freundlich, 1926). The Freundlich adsorption equation can be written as:
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Taking logarithm on both sides,

1 .
In. =InK; += InC
s nf

(6)

Where ‘Cs’ is equilibrium adsorption capacity (mg/g), ‘C™ is the equilibrium concentration of the
adsorbate in solution, ‘K¢y and n¢ are constants related to the adsorption process such as adsorption
capacity and intensity respectively. This empirical model has shown best fit for non-ideal sorption on
heterogeneous surfaces as well as multilayer sorption. The Freundlich isotherm is also more widely
used but provides no information on the monolayer adsorption capacity, in contrast to the Langmuir
model. Freundlich isotherm has been derived by assuming an exponentially decaying sorption site
energy distribution. The coefficient of determination for this case is 0.997 and the values of nfand K
(table 1) are found to be 1.79 (g/L) and 0.329 {(mg/g)(mg/L)"}at 25°C. Freundlich constant n; between
1 and 10 indicates a trend more favorable (Fig.8) for biosorption by macro algae Bruguiera
gymnorhiza. This is also suggestive that the metal ion under study could well be separated from its
aqueous solution with high adsorption capacity.

The values of high correlation coefficients indicated that the Pb(ll) sorption data was very well
represented by Freundlich model. The Freundlich constant nf was greater than 1, at all temperatures as
well as initial metal concentrations representing that adsorption intensity of the sorbate on the sorbent
surface was high, reflecting the favorable sorption even at high metal concentration.
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R2 = 0.997 R? = 0.9965
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Q
(@)]
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Figure 8: Freundlich plot of Bruguiera gymnorhiza at various temperatures at
pH 5.

8.Adsorption iKinetic iModels

The Kkinetic data helps in tracing the rate determining step of transport mechanism and is required
for selecting optimum operating conditions for full-scale batch or continuous process. In the present
study Pseudo first order and Pseudo second order kinetic models have been attempting to fit the
present biosorption data (Table. 2).

9 Pseudo-first-order/Lagergren ikinetic imodel

The Pseudo-first-order or Lagergren Kinetic rate equation for the adsorption of liquid-solid system
was derived based on solid adsorption capacity. It is one of the most widely used adsorption rate
equations for the adsorption of a solute from a liquid solution (Tagvi et al, 2006; Suddhodan and
Mishra, 2006).

The pseudo first order kinetic equation can be expressed as:
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dc
at =K (C,-C))
()

Where ‘Cs’ is the amount of solute adsorbed at equilibrium per unit mass of adsorbent (mg/g), ‘C¢
is the amount of solute adsorbed at any given time ‘t* and ‘ki’ is the rate constant. By using the
boundary conditions and simplifying, the equation 7 yields.

In(CS —Ct) =1In CS —kit
(@)

‘ki” can be computed from the slope of the linear plot between In(Cs-Cy) vs. ‘t> for different
adsorption parameters such as pH, temperature. The pseudo first order rate constant kicould be obtained
from the slope of the plot between log (Cs —Ci) and time t’. Fig. 9 shows that the Lagergren pseudo-

first order kinetic plot does not fit well for the adsorption of  Pb (Il) onto Bruguiera gymnorhiza, as
it does not follow a straight line.

1.5 y= -O 0095x +1.0169
—~ 1 -0.93%y" -0.015x + 0.8392
& R?=0.9854
& 05
= 0
o)}
L .05

-1 L 20 40 60 [+Ta 100 120 140

Time,min
$0.25¢ 00.5¢g

Figure .9: Pseudo first order kinetic plot for biosorption of Pb (Il) at 25°C, 50 mg/L and pH 5.
10.Pseudo- isecond- iorder ikinetic imodel

In view of the above the fitness of the sorption data was tested using pseudo- second- order

reaction model .The pseudo-second-order reaction model could be expressed by the rate expression as
(Ho and Mckay, 1999; 2000).

dC =k, (C, C)
9)

On integration for boundary conditions when t=0 to t>0 and =0 to >0 and further simplifications,
equation 9 becomes,

t 1 1

= —+ t
Ct k,C. 2 C,
(10)

The plot (Fig.8) of t/q: versus t of Eq. (10) gave a linear relationship from which the ge and k»
values were determined.
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Figure. 10: Pseudo second order kinetic for biosorption of Pb (lI) at 25°C, 50 mg/L and pH 5.
W (g/L) Ce(exp) (mg/g) K1(g/mg-min) R 2
5 3.66 -0.009 0.939
10 4.57 -0.015 0.986

Table .2: Kinetic parameters for Pb (lI) biosorption on Bruguiera gymnorhiza

The rate constants and the correlation coefficients for Pseudo-First-order Kkinetic model were
calculated and summarized in Table. 2. These values showed that the pseudo-first order kinetic plot fits
well the adsorption data. The value of correlation coefficient R? for the pseudo-first-order adsorption
model is relatively high (>0.9909), and the adsorption capacities calculated by the model are also close
to those determined by experiments. However, the values of R? for the pseudo-second-order are not
satisfactory. Therefore, it has been concluded that the pseudo-first-order adsorption model is more
suitable to describe the adsorption kinetics of lead over this Bruguiera gymnorhiza biomass.

11.Thermodynamic iparameters

Gibbs Free Energy AG is the Thermodynamic criterion at constant P and T for deciding whether the
chemical process does proceed or not. The spontaneity of the reaction can also be judged by the sign
and magnitude of AGP®. A negative sign for AG° is an indicative of the spontaneity of any chemical
process. To design any chemical process system one should have the knowledge of the changes that
are expected to occur during a chemical reaction.

In view of the above, analysis has been carried out on the values of thermodynamic parameters on
the biosorption of Pb (1) by Bruguiera gymnorhiza. The thermodynamic parameters such as changes in
standard free energy change AG®, Enthalpy AH°, Entropy AS° for any given adsorption process could
be determined from the Equations:

AG® =—RTInK,
(11)

Where AG” is the free energy change, expressed as J/mol. Kc is the apparent equilibrium constant
for the process. Kc can be derived from:

(12)
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S —
c’ 2.303RT R
(13)

(c J AH®  AS°
log = +

> Can be defined as adsorption affinity.Cs is the concentration of metal ion (mg) in solid

adsorbent.C* is equilibrium metal Concentration mg/L .The enthalpy changes (AH°) and entropy changes
(AS°) for the adsorption process for all the initial metal concentrations in the aqueous solutions were

obtained from the plots of |Og[cs]drawn against 1/T (Fig.11). The calculated thermodynamic data are

*

compiled in Table .4.

11.12

111
11.08
11.06
11.04
11.02

11
0.003 0.00305 0.0031 0.00315 0f/0_|§2 0.00325 0.0033 0.00335 0.0034

y =-250x + 11.859
R?=0.9998

IniK

Fig.11. Vant Hoff plot for adsorption of Pb (IlI) onto Bruguiera gymnorhiza at various temperatures
for biomass 10 g/Land at pH 5.

A Large negative value for AG° indicates the spontaneity of biosorption process at a given
temperature. The free energy values increased positively with increase in temperature for the adsorption
of Pb (Il), shows that the spontaneity of the biosorption process reduces with increase in temperature.
The negative AH° values indicated the exothermic nature of the adsorption. The negative values of
AS°suggested a decrease (Ahmet et al., 2008) in the randomness at solid/solution interface during the
adsorption of Pb (II) ions onto Bruguiera gymnorhiza

Table. 4: Thermodynamic parameters for Pb (Il) biosorption on Bruguiera gymnorhiza

Temp. (°K) AH°(KJ/mol) AS°(J/mol°K) AG°(KJ/mol)
298 2078.5 98.5209 -27.2807
318 2078.5 98.5209 -29.2511
328 2078.5 98.5207 -30.2364

12.Characterization iof iBiomass

12.1.Fourier iTransform ilnfrared iSpectroscopy i(FTIR)

The FTIR differences of spectra in pure Bruguiera gymnorhiza biomass adsorbent were compared to
the spectra obtained in Pb(ll) loaded Bruguiera gymnorhiza to determine whether the observed
differences are due to interaction of the metal ions with functional groups (Fig. 12 and 13). The
absorption peaks were tabulated in table 4 for pure biomass and Pb?" loaded algal biomass.
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re 12: FTIR Spectrum of Bruguiera gymnorhiza before treatment
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Figure 13: FTIR Spectrum of Bruguiera gymnorhiza after treatment with Pb (II)

The broad bands at 3607.22 and 3392.13 cm™ were due to —OH and —NH, stretching vibrations due
to lignins (Lalhruaitluanga et al.,, 2010) and —OH stretching vibrations respectively involved in the
biosorption by shifting the band to 3351.93 and 3340.37 cm™. The bands at 3051.31 cm indicate the
presence of CH stretching vibrations of aromatic aryl rings and shifted to 3021.30 cm™. The band at
2376.67 cm™ can be attributed to —C=N in the polyacrylonitrile (Sarada et al., 2014) and is involved
intensely by shifting to 2366.27 cm™. The band peak at 1705.14 cm™ is assigned to Carbonyl
functional group of, after adsorption of Pb?* the band slightly shifted to 1716.30 cm™. Further the
sharp peak at 1376.07 cm™ representing the presence of —CH, bending vibrations in the biomass and is
also shifted to 1316.48 cm indicating the involvement in biosorption process.

The presence of siliceous from diatomaceous earth, in mangrove plant waste and composite material,
can justify for the absorbance peak at 757.44 cm™ (Si-C) and N containing bioligands is shifted to
the 746.93 cm™. The bands present below 800cm™ are finger print zone of phosphate and sulphur
functional groups and N containing bioligands. The significant changes in the wave numbers of the
specific peaks suggested that —-OH and —NH,, bounded —-CH,, amide N-H bending vibrations and C=0
of carboxylic acid groups could be predominantly involved in the biosorption of Pb* onto Bruguiera
gymnorhiza. Similar results were reported for the biosorption of different heavy metals on various plant
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species (Sibel et al, 2009; Suleman et al, 2009; Lalhruaitluanga et al, 2010; Munagapati et al, 2010;
Sarada et al, 2014)

13 conclusion

Experimental data were obtained for removal of Pb (ll) ions using Bruguiera gymnorhiza as
biosorbent. Based on the analysis the following conclusions were made.

The biosorption performances are strongly affected by parameters such as initial concentration, pH,
and temperature.The percentage biosorption Pb (II) ions of increases with increasing contact time.The
equilibrium uptake was increased and percentage biosorption was decreased with increasing the initial
concentration. The plot of pH versus percentage biosorption shows the significant biosorption takes
place at 5.The percentage biosorption Pb (1) of increases with increase in the biosorbent dosage.The
percentage biosorption Pb (Il) of decreases with increase in the temperature.The removal data of lead
ions follows the Freundlich model with the best fit.The kinetics of the biosorption of lead ions on
Bruguiera gymnorhiza can be better described with First-order Kkinetics. Intra-particle diffusion might
also have a significant role in the biosorption process slowing down the approach towards
equilibrium.The thermodynamic parameters such as free energy change, enthalpy change and entropy
changes were calculated and the biosorption process was exothermic.
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