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ABSTRACT

The adsorption of lead on Aspergillus versicolor biomass (AVB) has been investigated in aqueous solu-
tion with special reference to binding mechanism in order to explore the possibilities of the biomass to
address environmental pollution. AVB, being the most potent of all the fungal biomasses tested, has been
successfully employed for reducing the lead content of the effluents of battery industries to permissi-
ble limit (1.0 mgL~") before discharging into waterbodies. The results establish that 1.0 g of the biomass
adsorbs 45.0 mg of lead and the adsorption process is found to depend on the pH of the solution with
an optimum at pH 5.0. The rate of adsorption of lead by AVB is very fast initially attaining equilibrium
within 3 h following pseudo second order rate model. The adsorption process can better be described by
Redlich-Peterson isotherm model compared to other ones tested. Scanning electron micrograph demon-
strates conspicuous changes in the surface morphology of the biomass as a result of lead adsorption.
Zeta potential values, chemical modification of the functional groups and Fourier transform infrared
spectroscopy reveal that binding of lead on AVB occurs through complexation as well as electrostatic

interaction.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Lead is a highly toxic metal and its exposure even at low con-
centration leads to adverse effects on human health particularly in
the nervous and reproductive system as well as in kidneys, liver and
brain [1,2]. The metal enters into environment as a result of various
industrial activities such as electroplating, battery manufactur-
ing, pigment and dye industries, lead smelting and using leaded
petroleum engine fuels [3,4]. Because of toxic nature, the concen-
tration of lead in the industrial effluents must be brought down
to permissible limit (1.0mgL-1) before discharging into public
sewers as per instruction of Environmental Regulatory Author-
ity, India. The available methodologies that are employed for the
treatment of lead containing wastewater include precipitation with
lime, ultrafiltration, reverse osmosis or ion exchange process [5,6].
However, these methods suffer from limitations like poor cost
effectivity, incomplete precipitation, etc. In addition they gener-
ate huge amount of toxic metal bearing sludge difficult to dispose
of. Thus research on the development of effective and inexpen-
sive technology to treat toxic metal bearing wastewater is very
important.
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In recent years considerable attention has been focused on
adsorption technology to remove metal ions from wastewater from
the standpoint of eco-friendly, effective and economic considera-
tions. Of the different adsorbents like saw dust, rice hulls, palm
kernel husk, coconut husk, banana and orange peels, modified
lignin, de-oiled allspice husk and different agricultural by-products
[7,8]; activated carbon, is the best. However, its use is much
restricted due to high cost in many countries including India.
This leads to search for efficient adsorbents preferably biological
materials covering microbial biomass to remove metal ions from
wastewater known as biosorption or bioaccumulation [9]. This
method has certain advantages over conventional ones, e.g., non
generation of toxic sludge, effective in reducing the concentration
of metal ions below the permissible limit and the possibility of
recovery of the biomaterials by regeneration. Thus it provides an
economic means for the treatment of wastewater [7]. The uptake of
heavy metals by microbial biomass is a two step process involving
initial cell surface binding followed by intracellular accumulation
which takes place only in living cells [10]. Adsorption of metal ions
on the biomass occurs through electrostatic, physical and chemi-
cal interactions with the functional groups present on the cell wall
[11-13]. Volesky [14] has recently reviewed the state of art in the
field of biosorption of heavy metals. However, only a few reports
are available on fungal systems [15,16]. Fungal biomass has cer-
tain advantages over bacterial biomass in respect of processing and
handling of the biomass. The fungal genera of Rhizopus and Peni-
cillium [17,18] and the use of raw and pretreated Aspergillus niger


dx.doi.org/10.1016/j.jhazmat.2010.11.064
http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:arunkumarguha@yahoo.com
mailto:arunkumarguha@gmail.com
mailto:bcakg@mahendra.iacs.res.in
mailto:bcakg@iacs.res.in
dx.doi.org/10.1016/j.jhazmat.2010.11.064

H. Bairagi et al. / Journal of Hazardous Materials 186 (2011) 756-764 757

for the removal of lead, cadmium, copper and nickel have already
been reported by other workers [13,19-21]. Several reports includ-
ing those from our group are also available regarding the use of
fungal adsorbents for the removal of metal ions from wastewaters
[22-25]. The efficacy of any biosorbent depends on the microenvi-
ronment of the targeted toxicant and also on the availability of the
material. Thus there is always a need for search of new biosorbents.
Further an intimate understanding of the adsorption mechanism is
also a prerequisite for improving the efficiency of the process.

The present communication reports the application of
Aspergillus versicolor biomass for the removal of lead from
aqueous environment. In-depth investigations have been car-
ried out to understand the role of associated physicochemical
properties involved in the adsorption process of lead from its
aqueous medium. Fourier transform infrared spectroscopy (FTIR),
energy dispersive X-ray analysis (EDXA) and scanning electron
microscopic studies have explored the mechanistic aspects of lead
adsorption on A. versicolor biomass (AVB) at the molecular level.

2. Materials and methods
2.1. Microorganisms

Rhizopus oryzae (MTCC 262), A. versicolor (MTCC 280) and A.
niger (MTCC 281) were obtained from the Institute of Microbial
Technology, Chandigarah, India. Termitomyces clypeatus was kindly
provided by Dr. S. Sengupta, Indian Institute of Chemical Biology,
Kolkata, India. The organisms were maintained on potato dextrose
(20% potato extract and 2% dextrose, and 1.5% agar pH5.0) slants by
subculturing at regular interval of 30 days.

2.2. Chemicals

All the chemicals and ingredients of microbiological media used
in this study were obtained from E. Merck, Germany and Hi Media,
India, respectively.

2.3. Preparation and estimation of lead solution

A stock solution of lead (1000 mg L~1) was prepared by dissolv-
ing the required amount of Pb(NOs), in double distilled water and
diluted to get the desired concentration. The concentration of lead
in the solution was measured by a flame atomic absorption spec-
trophotometer (Chemito AA203).

The uptake of lead by the biomass was calculated using the
following mass balance equation:

(Co - Cp)V

e = Hooow

where ¢e is the amount of lead uptake by the biomassinmgg-1. Gy
and C; are the initial and final metal ion concentrations in mgL~! in
the solution, respectively. Vand Wrepresent the volume of solution
(L) and weight of the biomass (g), respectively. The concentrations
of sodium, potassium, calcium and magnesium in the test solution
were also determined by atomic absorption spectrophotometer.

2.4. Preparation of biomasses

Fungi were grown in potato dextrose broth taken in 250-
mL Erlenmeyer flasks. Erlenmeyer flasks containing 75mL of
the medium were incubated at 30°C for 72h with shak-
ing (130rpm) after inoculation with 0.1 mL spore suspension
(~5 x 106 sporesmL~1). The mycelia were harvested by cen-
trifugation; washed with double distilled water and dried by
lyophilization. The dried biomass was used for biosorption studies.

2.5. Adsorption experiment

Each of the adsorbents (0.2 g) was added separately to 50 mL
of lead solution (100mgL~1, pH 3.0, 5.0 and 7.0) taken in differ-
ent 250-mL Erlenmeyer flasks, and incubated at 30 °C with shaking
(130rpm) for 24 h unless stated otherwise. The flask containing
only lead solution (without biomass) serves as control to deter-
mine the contribution of the container if any in the adsorption of
metal ion. On completion of incubation, the biomass was separated
by centrifugation and the concentration of lead in the supernatant
was measured. A. versicolor biomass (AVB) shows highest adsorp-
tion capacity and hence it is selected for further studies. To study
the effect of pH and temperature on lead adsorption by AVB,
the experiments were conducted over a range of pH 2.0-7.0 and
incubation temperature from 20 °C to 40 °C, respectively. The equi-
librium adsorption isotherm experiments were executed taking
the lead ion concentration range of 25-800mgL-! at 30°C and
pH 5.0. The adsorption rate of lead by AVB was studied upto 7h
using two different initial metal ion concentrations (100 mgL~!
and 200mgL-1) at 30°C and pH 5.0. The concentration of lead
in the supernatant was determined at regular time intervals. No
correction was necessary due to withdrawal of sampling volume
since each data point was collected from individual flasks. The con-
centrations of sodium, potassium, calcium and magnesium in the
supernatant after adsorption of lead by AVB at pH 5.0 were also
measured vis-a-vis the control flask having only 50 mL distilled
water and 0.2 g of biomass. For reusability of the AVB, adsorbed lead
was eluted with 0.1 M HCI, washed with double distilled water and
again used for the adsorption study.

2.6. Chemical modification of the functional groups of AVB

The functional groups of AVB were modified by chemical treat-
ments as described below. The modified biomass was dried and
used for biosorption studies.

2.6.1. Formaldehyde-formic acid
AVB (1g) was shaken (130rpm) with a mixture of 20 mL
formaldehyde and 40 mL formic acid for 6 h at 30°C [26].

2.6.2. Triethyl phosphite-nitromethane
AVB (1.0 g) was refluxed with 40 mL of triethyl phosphite and
30 mL nitromethane for 6 h [27].

2.6.3. Acetic anhydride
AVB (1 ¢g) was refluxed with acetic anhydride at 80°C for 10h
[28].

2.6.4. Methanol-hydrochloric acid
AVB (1g) was stirred with 70mL of anhydrous CH3OH and
0.6 mL of concentrated HCl for 6 h at room temperature (30°C) [29].

2.7. SEM-EDXA study

On completing isotherm experiment with 800 mgL-! of lead
and pristine AVB the samples for scanning electron microscopy
were prepared as described by Sastri et al. [30]. Micrographs were
recorded on FESEM (JEOL JSM - 6700F) equipped with energy dis-
persive X-ray analyzer.

2.8. FTIR spectroscopy

Fourier transform infrared spectra of pristine and chemically
modified AVB were recorded with a Shimadzu FTIR spectrome-
ter (resolution 4 cm~1), equipped with highly sensitive pyroelectric
detector (DLATGS). Pressed pellets were prepared by grinding the



758 H. Bairagi et al. / Journal of Hazardous Materials 186 (2011) 756-764

. |
Y 4. versicolor N
» =33 T chypeatus §
S I A. niger %E
£ 60 §§
\ \=
o N\ \=
£ 30- § %E
NEE N
2 i 5 6 8
pH

Fig. 1. Adsorption of Pb (II) by different microbial biomasses at 30°C with initial
metal ion concentration of 100 mgL-!. Data represent an average of five indepen-
dent experiments; +SD shown by the error bar.

samples with IR grade KBr in an agate mortar with 1:100 ratio and
analyzed in the region of 4000-400cm™!.

2.9. Removal of lead from industrial effluent

The efficiency of AVB to remove lead from an actual system
was determined using effluent from battery industries located in
Northern region of Kolkata. The removal of lead was carried out as
described in Section 2.5 with 50 mL of effluent after adjusting the
pH to 5.0.

3. Results and discussion
3.1. Screening of biosorbent

All the four different fungal strains used in the present exper-
iment adsorbed lead from the aqueous solution to the extent of
75-87% depending on the type of the species and pH of the solu-
tion (Fig. 1). AVB was found to be the most efficient in this respect
over the pH range tested. AVB adsorbed ~87% of lead ions at pH 5.0
under the present experimental conditions. The noted difference
in adsorption capacity may be attributed to difference in surface
structure and functional groups present on the cell wall of the fungi
[31].

3.2. pH and temperature

Adsorption of lead by AVB has been found to increase with
increase in pH value to attain maximum at 5.0. It is well known
that solution chemistry of the adsorbate depends on the pH of the
solution to a great extent and thus influences metal speciation,
sequestration or mobility [32-34]. We reported earlier [25] that
surface charge of AVB determined from zeta potential measure-
ment varied from +15.1 to —35.5 mV with corresponding changes
in pH from pH 2.0 to 8.0 and zero point charge was noted at pH
3.5. Thus it is most likely that at low pH values positively charged
surface will not favor the attachment of lead ions due to Columbic
repulsion. With increase in pH values, surface becomes more and
more negatively charged and thereby favoring lead ion binding. It
is observed that adsorption of lead increases with increasing pH
values of the solution reaching optimum value at pH 5.0 (Fig. 2).
Our findings corroborate the earlier report of Amini et al. [20] on
lead adsorption by A. niger. It is well established from speciation
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Fig. 2. Effectof pHon Pb (II) adsorption by AVB at 30 °C with initial metal ion concen-
tration of 100 mg L. Data represent an average of five independent experiments;
+SD shown by the error bar.

study of single lead species that in an aqueous solution of lead
nitrate, the predominant species in the pH range 2.0-6.0 are Pb?",
PbNO3* and aqueous Pb(NO3 ),. The concentrations of these species
do not change until pH 6.0 and the formation of solid Pb(OH),
starts at pH 6.3 [35]. In aqueous solution metal cations except-
ing Be2* are generally present in hydrated form and effective sizes
of the species are in the order of M2* (aqueous), M(OH)'* (aque-
ous), M(OH), (aqueous) [36]. Thus mobility of the hydrated species
having smaller effective size is higher in comparison with larger
MZ2* (aqueous) species and thereby resulting in enhanced adsorp-
tion during adsorbate-adsorbent interaction. The noted reduced
adsorption at low pH may be attributed to the (i) presence of low
mobility higher hydrated species [Pb2* (aqueous)] and (ii) proto-
nation of surface functional groups and competition between H;0*
or H* and lead ions for the binding sites. At higher pH values (upto
5.0) due to deprotonation more functional groups are exposed for
binding with the metal ion leading to higher adsorption. Further
increase in pH above 5.0 leads to decrease in adsorption probably
due to the formation of soluble hydroxylated complexes of the lead
ions and their competition for the active binding sites, as reported
earlier in case of cadmium and lead biosorption by mushrooms [37].
No significant change in adsorption of lead ion by the biomass was
noted within the investigated temperature range 10-40 °C (Fig. 3).
Our findings corroborate the report of Brady and Duncan [38] on
copper adsorption by Saccharomyces cerevisiae.

3.3. Adsorption isotherm

The efficiency of an adsorbent depends on its capacity to adsorb
a particular adsorbate. The adsorption of lead ion on AVB increases
with increasing initial metal ion concentration to reach equilib-
rium at an initial lead ion concentration of 500mg L-! (Fig. 4A).
In order to understand the adsorbate-adsorbent interaction and to
design an efficient operating system, it is necessary to analyze the
experimental data in the light of different isotherm models, e.g.,
Langmuir (Eq. (1)), Freundlich (Eq. (2)) and Redlich-Peterson (Eq.
(3)) [39-41]:

_ a Ky Ce
Qe = 11K Co (1)
de = KgCe'/" )
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Fig. 3. Effect of incubation temperature on lead adsorption by AVB. Data represent
an average of five independent experiments; £SD shown by the error bar.

where Ce is the equilibrium concentration (mgL~1) and qe is the
adsorbed amount of metal ion per gram of the biomass at equilib-
rium (mgg~1).Ki, a; and Kg (Lg~1) are the Langmuir and Freundlich
constants, respectively, whereas 1/nis the heterogeneity factor. The
Redlich-Peterson model deals with three parameters:

_ ACe
~ 1+BCE

de (3)
where A (Lg~1) and B (Lmg~1)8 are the Redlich-Peterson constant
and ‘g’ is the Redlich-Peterson isotherm exponent. The value of ‘g’
lies between 0 and 1, and when g=1, this model converts to the
Langmuir model.

All the model parameters are described in Table 1. The “good-
ness of fit” of the experimental data with the calculated data from
the isotherm model can be assessed by R? (linear coefficient) and
%2 (nonlinear coefficient) value. The value of R? varies from 0 to 1
and will be very low or zero, if the experimental data differs from
the data obtained from the model, whereas the perfect matching
of these values yields a coefficient of 1.0. And in case of x2, the
coefficient value will be small if the experimental data is very close
to the obtained data from the model and will higher if they dif-
fer. So, it is essential to evaluate the data with both for R and x2.
The linear regression coefficient (R?) for Langmuir, Freundlich and
Redlich-Peterson model is 0.95,0.96 and 0.99 and for the nonlinear
regression coefficient (x2) it is 11.35, 8.09 and 1.98, respectively.
Therefore, the present sorption data are found to be best fitted
to Redlich-Peterson model (Fig. 4A) in comparison with the other
two models considering high correlation coefficient (R =0.99) and
low x2 value (1.98). This indicates that the adsorption mecha-
nism is a hybrid one and does not follow the ideal monolayer
adsorption behavior and this corroborates the earlier report of Pan
et al. [42] regarding adsorption of lead by Bacillus cereus. The the-
oretical monolayer saturation capacity (qmax ), as determined from
the Langmuir model (44.76 mgg~1) correlates well to the exper-
imentally obtained value (44.85mgg~1). The adsorption capacity
of AVB towards lead (44.85mgg1) is found to be much higher

Table 1
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Fig. 4. (A) Equilibrium adsorption isotherm; M, experimental data; —-, Langmuir
model; .- ... , Freundlich model; —, Redlich-Peterson model. (B) Scatchard plot anal-

ysis of lead adsorption on AVB.

in comparison with most other adsorbents such as Aspergillus bis-
porus (33.78 mgg~1), Phaseolus vulgaris L. (42.77 mgg~1!), Amanita
rubescens (38.40 mgg~1) and pretreated A. versicolor (30.6 mgg™1)
as reported earlier by Vimala and Das [37], Ozcan et al. [43], Sar1and
Tuzen [44] and Cabuk et al. [45], respectively. Surface area as well
as surface chemistry of the adsorbent plays important roles in the
adsorption of metal ions from its aqueous solution. We reported
earlier [25] that BET surface area of AVB is 5.1m2g~! which is
much low compared with other adsorbents [46-48]. Therefore, it
may be assumed that besides surface area, other properties such
as functional groups present on the biomass play vital roles in the
adsorption process by way of interacting with lead ion. Further,
lead is a soft acid and biomass being a soft base [49] will prefer to
coordinate according to Pearson rule [50]. The sorption data have
been further analyzed by Scatchard plot (Eq. (4)) [51] for better

Isotherm constants and the values of linear regression coefficient and non linear Chi-square of three isotherm models.

Langmuir Freundlich Redlich-Peterson
R? XZ Jmax K R? X2 n R? Xz A B g
0.95 11.35 44.80 0.05 0.96 8.09 10.81 4.24 0.99 1.98 9.45 0.56 0.83
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understanding of the isotherm model:

L= auky - ak, @)
where q (mgg~1) and C (mgL-1) are the equilibrium adsorption
capacity and equilibrium lead ion concentration whereas gy and
ky, are the adsorption isotherm parameters.

Nonlinear Scatchard plot (Fig. 4B) obtained in the present
adsorption process suggests that multiple and nonequivalent bind-
ing sites are present on the AVB cell surface [51].

3.4. Kinetic study

Therate as well as mechanism of adsorption process can be eval-
uated from kinetic studies. Significant effect of contact time on the
adsorption of lead by AVB is noted which is very fast initially and
then gradually slows down to reach equilibrium within 180 min
(Fig. 5A). The initial rapid rate is probably due to the presence of
abundant active metal binding sites on the biosorbent surface. Sub-
sequently as a result of gradual occupancy of those sites, the rate
slows down to reach the equilibrium [52]. The kinetic data are fur-
ther analyzed by pseudo first (Eq.(5))(result not shown)and second
order (Eq. (6)) [53] model:

In(ge — q¢) = Inge — K.t (5)

1 t
=—+— (6)
& Kq2 Qe

where ge (mgg~—1)and q; (mgg~') are the amounts of lead adsorbed
at equilibrium and time ‘t’, respectively. K| and K, are the rate con-
stants of pseudo first and second order rate equations, respectively.

The experimental data (Fig. 5B) indicate that the adsorption
kinetics follow pseudo second order rate equation (R2 =0.999) and
chemisorption is the rate limiting step for the removal of lead by
AVB under the studied experimental conditions [44]. The kinetic
rate models could not establish the diffusion mechanism so; sorp-
tion kinetic data was further analyzed to understand the role of
intraparticle diffusion in the present adsorption process. Intra-
particle diffusion model (Eq. (7)) [54] can be characterized by the
relationship between specific sorption capacity at time ‘t’ and the
square root of the time:

qe = Kpt'2 +C (7)

where g; (mgg1) is the amounts of lead adsorbed at time ‘t". K;, is
the intraparticle diffusion rate constant (mgg~! min—1/2) and C is
the intercept (mgg~1). The nonlinear nature of the curve and devi-
ation of plots from the origin (Fig. 5C) indicates that the intraprticle
diffusion is not the rate limiting step for the whole adsorption pro-
cess [55].

3.5. Binding mechanism

Scanning electron microscopy is used to characterize the sur-
face morphology of a biosorbent [56] which shows that the, surface
morphology of the pristine AVB (Fig. 6A) is conspicuously differ-
ent from that of the lead adsorbed species (Fig. 6B). The smooth
flakes like surface of the pristine mycelia, turned rough and irregu-
lar after the adsorption of lead ion. Highly magnified image (Fig. 6C)
of the post adsorbed AVB (marked area) demonstrates the pres-
ence of lead nanoparticulates on the mycelial surface. The EDXA
spectra show the presence of lead in place of sodium, potas-
sium, calcium and magnesiumindicating the adsorption of lead
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Fig.5. The effect of contact time (A) and pseudo second order plot (B) of lead removal
on AVB at different initial metal ion concentration. Intraparticular diffusion on lead
binding by AVB (C). Data represent an average of five independent experiments;
+SD shown by the error bar.

on AVB occurs through ion exchange mechanism (Fig. 6D and E).
To further validate the ion exchange mechanism during lead
adsorption, the concentrations of different cations (Na*, K*, Ca?*
and Mg?*) in the test solution were also measured. The results
obtained demonstrate that potassium, calcium and sodium ions
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Fig. 6. Scanning electron micrograph of A. versicolor biomass. (A) Pristine biomass; (B) lead adsorbed biomass and (C) lead loaded AVB at higher magnification. EDX spectra

of pristine AVB (D) and lead loaded AVB (E).

Table 2

Release of Na*, K*, Ca?* and Mg?* due to adsorption of Pb (II) on Aspergillus versicolor biomass.

Total Pb*? adsorbed Net amount of cation

Total amount of cations Bound lead/cations

(mequiv.g~1) released (mequiv.g=1)? released (mequiv.g') released (Rpr)°
K Na* Ca2* Mg2*
1.041 0.288 0.221 0.203 0.025 0.738 1.41

Initial lead ion concentration: 100 mgL-'.
2 Difference between metal released after adsorption and that by the control.
b Ry: ratio of metal bounded to cations released.

take part in the ion exchange process. The amount of magnesium
released has less impact on ion exchange phenomenon compared
with other cations (Table 2). The ratio of bound to released metal
cations (>1) shows that other mechanisms are also involved in the
lead biosorption process. The role of ion exchange mechanism in
the adsorption of lead by microbial biomass and agro waste mate-
rials was also reported by other workers [31,57-59]. The proposed
mechanism for lead adsorption on AVB is represented schemati-
cally in Fig. 7.

Fourier transform infrared spectroscopy can be employed to
identify the functional groups present on the cell surface of AVB
because, each group has a unique energy absorption band. FTIR
spectrum of pristine AVB (Fig. 8A) exhibits distinct peaks suggesting
the presence of amine, carboxyl, phosphate and hydroxyl groups.
The broad mixed stretching vibrations frequency of N-H and O-H
are observed in the region of 3500-3300cm~! and those for alkyl
chains around 2920-2850cm~!. The sharp peak at 1652.88 cm™!
can be attributed to C=0 stretching of carboxyl or amide groups.
The band at 1550.66 cm~! is assigned to N-H bending. The presence
of COO~ of the carboxylate can be attributed to the peak positions
at 1452.30cm~! and 1400.22cm~! on the biomass. The complex
amide III band is located near 1319.22 cm~!. The wave number at
1026.06 cm~! arises due to the presence of P-O-Clink of the organo

phosphorous groups on the biomass. The shift of around 4cm~1 in
the FTIR analysis may be due to the resolution of the device. In
the present case the shift of more than 4cm~! was only consid-
ered. FTIR spectrum of AVB after lead adsorption (Fig. 8B) depicts
that the peak at 1550.66 cm~! assigned to N-H bending shifts to
1552.59cm™! indicating that the nitrogen atom is not the main
adsorption site for lead attachment on AVB. A small shift in the
wave number from 2929.67 cm~! to 2925.81cm~! is noted after
lead adsorption and this may be due to change in C-H vibration
for adsorption. The observed result may be due to oxygen atom in
the hydroxyl group, which could be involved in lead adsorption.
However, the spectral shift is very close to 4cm~! and it may be
inferred that the hydroxyl group is not the responsible site for lead
adsorption. The changes in transmittance along with the spectral
shift at the wave number 1652.88 cm~! suggest the involvement
of C=0 of carboxyl or amide group. The disappearance of band at
1452.30cm~! and 1400.22cm~! and formation of a new band at
1382.87 cm~! suggest the involvement of COO~ of the carboxylate
group. The characteristic changes in transmittance in the region
1026.06-1035.70 cm~! during lead adsorption on AVB, may result
due to phosphorous interference.

Adsorption of metal ions mainly involves the functional groups
present on the microbial cell surface [60]. The functional groups
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Fig. 7. Proposed cation exchange mechanism for lead removal by AVB. M* and M?* represents monovalent (Na* and K*) and divalent (Ca2* and Mg?2*) cations. respectively.

such as carboxyl, phosphate, amino and hydroxyl groups of AVB
were chemically modified to understand their role in lead adsorp-
tion process. Formaldehyde and formic acid methylates the primary
and secondary amines present on the cell surface of AVB according
to the reaction scheme shown below:

R-NH, + 2HCHO + 2HCOOH — R-N(CHj3); +2CO, +2H,0

The methylation of amino group does not alter the adsorption
capacity of lead suggesting insignificant role of the amino groups
in the adsorption of lead on AVB.

Refluxing with acetic anhydride causes the acetylation of the
hydroxyl group present on AVB. The general reaction scheme is:

R-CH,OH + (CH3C0), — R-CH,COCH5 + CH3;COOH

Since no change in adsorption of lead is noted due to blocking of
hydroxyl groups of AVB, it is likely that this group is not involved
in the adsorption process.

Treatment of AVB with anhydrous methanol and HCl results
in the esterification of the carboxyl group. The general reaction
scheme is shown below:

R-COOH + CH30H — R-COOCH; + H,0

Esterification of the carboxyl group reduced the adsorption capac-
ity by 57.16%, indicating that the carboxyl groups present on AVB
play a crucial role in lead adsorption.

AVB on refluxing with triethyl phosphite and nitromethane
blocks the phosphate group of orthophosphoric acid present on
the AVB cell surface. The reduction of lead adsorption capacity
by 15.65% suggests the involvement of phosphate group on the
process.

The experimental findings are also supported by the non lin-
ear nature of the Schatchard plot which suggests the presence of
multiple lead adsorption sites on AVB.
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Fig. 8. FTIR spectra of pristine (A) and lead adsorbed AVB (B).
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Table 3
Removal of Pb (II) from industrial effluent by AVB.

Concentration of Pb (II) in
industrial effluent before
treatment (mgL~")

Concentration of Pb (II) in
industrial effluent after
treatment (mgL—")

3.20 0.45
5.10 0.72

3.6. Reusability of AVB

Desorption of lead from the lead adsorbed biomass to the extent
of 85% can be achieved with 0.1 M HCl and the biomass can again
be used for adsorption of lead. The adsorption-desorption cycle
can be conducted for five times after which loss in activity was
noted probably due to loss of integrity of the cell (data not shown).
Thus we believe that adsorption involving AVB is a highly effec-
tive and efficient methodology for removing lead from polluted
waterbodies.

3.7. Interaction of lead with AVB in industrial effluent

The efficiency of AVB to remove lead was also executed using
the effluent of battery industry as a feed solution. The concentra-
tion of lead in the effluent varied from 3.2 mgL~! to 5.1 mgL~'. The
adsorption experiment was carried out after adjusting the pH at 5.0.
It was observed that the percentage removal of lead from indus-
trial effluent was 86% (Table 3). This value is very similar to that
obtained from the monometallic system, suggesting that the pres-
ence of anions and cations present in the industrial effluent has no
inhibitory effect on lead adsorption under the studied experimental
condition.

4. Conclusion

We demonstrate a viable option for the removal of lead from
contaminated water with AVB. The maximum adsorption capac-
ity of AVB has been found to be 45mg Pb (II) per gram of the
dry weight of the biomass. The Redlich-Peterson isotherm model
describes the adsorption process satisfactorily suggesting that the
adsorption mechanism is a hybrid one and does not follow ideal
monolayer adsorption and the possibility of multilayer adsorption.
Scatchard plot analysis reveals multiple and non equivalent bind-
ing sites on the AVB cell surface. The adsorption process is very
fast initially and more than 80% is completed within 60 min. FTIR
study and chemical modifications of biomass cell surface suggest
the major involvement of carboxyl functional groups in the adsorp-
tion process. Thus it may be summarized that AVB can remove lead
from its aqueous solution successfully.
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