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ABSTRACT

Biosorption of heavy metals can be an effective process for the removal of toxic heavy metals present in
the wastewater. An attempt is made in the present investigation to remove cd* ions from aqueous solutions using
B.subtilis. Batch experiments were carried out for cd** removal over a wide range of operating conditions. It has
been noticed that the Cd** removal capacity dependent on the initial pH and the initial Cd’* concentration.
Experimental data were analyzed with kinetics and isotherm models. It has been observed that the pseudo second
order kinetics and Freundlich isotherm equilibrium model fit well with the present data. The FTIR analysis of
bacterial biomass revealed the presence of amino, carboxyl, hydroxyl and carbonyl groups, which are responsible
for biosorption of Cd* metal ions. The results indicated that the biomass of B.subtilis is an efficient bioaccumulant
for the removal of Cd** ions from aqueous solutions.

Keywords: Biosorption; cd* removal; Kinetics; Isotherms; Bacillus subtilis-live and dead

*Corresponding author
Email: mdkumar@annauniv.edu

January - March 2012 RJPBCS Volume 3 Issue 1 Page No. 352


mailto:mdkumar@annauniv.edu

ISSN: 0975-8585

INTRODUCTION

The growth of industries and day to day changes in human activities has resulted in the
increase in volume and complexity of wastewater in the environment. Industries such as metal
plating & tanneries uses heavy metal in their processes which generates large amount of
aqueous effluents with high levels of heavy metals. The heavy metals include cadmium,
chromium, cobalt, copper, iron, manganese, mercury, molybdenum, nickel, silver, and zinc.
Heavy metal pollution poses serious environmental issue due to its detrimental effect on
human health. The removal and recovery of heavy metals from wastewater becomes important
to protect the environment and human health. Cd** is one such heavy metal responsible for
polluting the ecosystem. It is used in a wide variety of industrial processes such as alloy
preparation, metal plating and electronics. Cd** effectively binds in human body by high
molecular protein such as albumin and nonprotein sulfhydryl group. This is accumulated in the
kidneys and liver. Excess Cd* in the organisms can damage DNA sequencing and may cause
genetic changes and cancer [1]. It also appears to be the largest single contributor to
autoimmune thyroid disease [2]. Unlike organic pollutants, which can be degraded, metallic
pollutants are immutable and will present indefinitely in the environment [3]. The non
biodegradable nature and long biological half-life of most metals lead to potential accumulation
and human exposure via water or food [4]. Lead and zinc mines are the main sources for the
release of lead, chromium and cadmium into the natural environment [5].

The traditional methods used for the removal of Cd** present in the effluent include
precipitation, evaporation, adsorption on activated carbon, ion exchange membrane
processing, and solvent extraction. However, these methods are expensive and inefficient to
remove metals at low concentration [6-8]. The use of biological material, including living and
non-living microorganisms, in the removal and possible recovery of toxic or precious metals
from industrial wastes, has gained greater important in the recent years. The major advantages
of the biosorption technology are its effectiveness in quickly reducing the concentration of
heavy metal ions to very low levels with high efficiency by using inexpensive biosorbent
materials [9].

The physicochemical interactions between metal ions and different functional groups on
the biomass surface such as carboxyl, hydroxyl, sulfhydryl and amino groups play an important
role in the biosorption process. Living, dead and immobilized cells can be utilized in this
process. Moreover, the regeneration of biosorbent for multiple uses is easy as; it shows
selectivity towards different metals removal. Bacteria have a high surface area-to-volume ratio
that can provide a large contact interface, and this allows the interaction with metals from the
surrounding environment. The advantages of biological substrates include diversity of
biologically active binding sites and less interference from alkali/alkali-earth metals [10].
Microorganisms comprises of bacteria, algae, fungi and yeast which uptake metals either
actively (bioaccumulation) and/or passively (biosorption) [11, 12]. More recently, such as
bacteria microbial biomass is specifically considered useful for removal of heavy metals from
aqueous solutions [13, 14].
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In this study, we evaluate the effectiveness in the removal of Cd** ions from aqueous
solution through biosorption by dead and live B.subtilis and also to characterize the metal
biosorption behavior of hyper resistant B.subtilis strain for Cd* ion. Pseudo first & second order
kinetics and Langmuir & Freundlich isotherm parameters were also evaluated from batch
biosorption assay. Bacteria B.subtilis is an alternative low-cost bioadsorbent for successful
removal of Cd** from aqueous solutions. The high amount of Cd* uptake by B.subtilis places
this biosorbent as the best adsorbent for this metal removal from aqueous solution.

MATERIALS AND METHODS
Preparation of the powdered dried dead cells

B.subtilis (MTCC-121) species where purchased from Microbial type culture collection,
Chandigarh, India. Nutrient broth culture media was prepared and maintained as per the
guidelines of MTCC. The slant cultures were prepared with prescribed growth medium
containing beef extract 1.0g, yeast extract 2.0g, peptone 5.0g, sodium chloride 5.0g and
distilled water 1.0 litre. The culture was sterilized in an autoclave maintained at 15 Ibs for 15
minutes. The chemical Cadmium Sulphate (3CdS0,4.8H,0) used in the present investigation was
of analytical grade purchased from Ranbaxy Fine Chemicals Ltd., India. Stock solution of Cd**
(1000 mg/l) was prepared using purified double distilled water. Cd** solutions of varying
concentration were obtained by diluting the stock solution. The Cd** concentration was
analyzed using an atomic absorption spectrophotometer (AAnalyst 800; PerkinElmer, USA). The
morphology of bacteria has been analyzed using Scanning electron microscopy (JSM-6360;
JEOL, Japan). Fourier transform infrared spectroscopy (FTIR; Model Tensor 27, Bruker Optic
GmbH, Germany) spectrometer was used to determine the type of functional groups in bacteria
responsible for the Cd*" metal accumulation.

Biosorption of Cd** ion

The biosorption studies have been carried out with monometallic solutions prepared
from stock solutions in a batch system. A known quantity of metal ion concentration solution
was taken in flasks and biomass was added. The flasks were shaken at150 rpm in 30 °C for a
certain time of 0-24 hrs. Test samples were collected at regular intervals of time and
centrifuged at 6000 rpm for 10 min, filtered through 0.2 um filter and analyzed for
Cd**concentration using AAS.

RESULTS AND DISCUSSION
Effect of Growth curve

During lag phase, B.subtilis adapt themselves to grow in a particular condition with
closed system. This is the period where the individual B.subtilis are maturing and not yet able to
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divide. During the lag phase of the bacterial growth cycle, synthesis of RNA, enzymes and other
molecules occurs. Exponential phase or log phase is a period characterized by cell doubling. The
number of new bacteria appearing per unit time is proportional to the present population. If
growth is not limited, doubling will continue at a constant rate so both the number of cells and
the rate of population doubles with each consecutive time period. During stationary phase, the
growth rate slows as a result of nutrient depletion and accumulation of toxic products. This
phase is reached as the bacteria begins to exhaust the resources that are available to them.
This phase has a constant rate value as the rate of bacterial growth is equal to the rate of
bacterial death. At death phase, bacteria runs out of nutrients, no availability of space and
Oxygen lead to death. The growth rate of B.subtilis has been recorded for lag phase to dead
phase and the observation is given in Figure 1. It can be ascertained that the lag phase exists for
first 4 hrs followed by a consistent exponential pattern of increase in log phase for 12 hrs. The
stationary phase exists for 20 hrs.

Figure 1: Growth curve of live B.subtilis in closed system optical density at 600 nm.
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Isotherms

In biosorption, the metal ions accumulate and the surface of bacterium cell wall which
can be well represented by a conventional accumulation isotherm. An attempt is made to test
the Langmuir and Freundlich isotherms models for metal removal.

Langmuir isotherm

The Langmuir isotherm assumes monolayer adsorption on homogenous biosorbent
surface (cell wall). The mathematical expression of Langmuir isotherm can be given as

K, bC,

= 3
1+bC, B)

Qe
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The binding constant K, and the sorbent capacity a, are estimated by plotting Ce/q. against Ce.
The model simulations along with experimental observations for cd* with the experimental
values of K. and a, along with the linear regression co-efficient (R?) are given Table 1 and Figure
2 respectively.

Table 1: Assignments of Infrared absorption bands

Wave numbers

(cm-1) Intensity shape Assignment
3600-3750 Sharp O-H stretching
3400-3550 Sharp O-H stretching
3100-3500 Strong-broad N-H stretching
2500-3400 Weak-broad O-H stretching
2700-2950 Variable C-H stretching
1400-1660 Variable N-H bending
1280-1430 Variable C-H bending
1160-1420 Variable O-H bending
900-1350 Variable C-N stretching
900-1380 Variable C-O stretching
800-880 Medium-strong N-H and C-H rocking

Figure 2: Langmuir isotherms of Cd* ion on live and dead biomass of Bacillus subtilis.
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Freundlich isotherm

The Freundlich isotherm is an empirical model that relates the accumulation intensity of
the sorbent to accumulants. The isotherm is adopted to describe reversible accumulation and
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not restricted to monolayer formation. The mathematical expression of the Freundlich
isotherm model can be given as

g = K.C.” (5)

Where K¢ and br are the constants which give accumulation capacity and accumulation
intensity respectively. A linear form of the Freundlich model can be written as follows

logqg, =logK; +b. logC, (6)

A plot of log ge versus log C. gives a straight line with slope Kr and intercept br. The
values of K and bg along with the linear regression co-efficient (R%) for the present
experimental conditions have been obtained and are given in Table 2 and Figure 3. It can be
observed from the correlation coefficient (RZ) that the Freundlich isotherm model matches
satisfactorily with the experimental observation.

Table 2: Langmuir and Freundlich isotherms constants for the biosorption of Cd**on live and dead of Bacillus subtilis.

Metal | Langmuir constant Freundlich constant
K, b R’ Ke be R
Live 0.003 2.861 | 0.889 1.563 | 8.796 | 0.993
Dead 0.011 | 2.401 | 0.998 1.216 | 3.505 | 0.998

2

Figure 3: Freundlich isotherm of Cd”* ion on live and dead biomass of Bacillus subtilis.
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Adsorption Kinetics models

In the sorption studies, equilibrium of sorption and sorption kinetics are two important
physicochemical factors to be considered. Sorption kinetics can explain the dependency of
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sorption rates upon the concentrations of biosobate in solution, and how sorption rates are
affected by sorption capacity, or by the character of the sorbent [16]. Since the principles
underlying biosorption kinetics include fitting the model that represents the experimental data
best [17], the pseudo-first-order and the pseudo second order kinetic models were tested in
our study.

Pseudo first order model
Pseudo first order kinetic model by the following equation

kit

2.303 G

log(q. —a,) = log(q. ) -

In place where g and q; are the Cd** ions where sorbed at equilibrium and time t,
respectively. K; is the rate constant for pseudo first order biosorption. This model was
successfully applied to describe the kinetics for many adsorption systems. The kinetic data in
Table 3 demonstrate that the biosorption of Cd** onto mixed biosorbent follow the negative
pseudo first order kinetics.

Table 3: Kinetics data for the uptake by live and dead of Bacillus subtilis.

Metal | Pseudo first order Pseudo second order

Ye Kl R Ye KZ R
Live 0.194 | 0.009 0.209 | 0.030 | 50.00 0.972
Dead | 0.150 | 0.1087 0.289 | 0.013 | 370.37 0.996

2

Pseudo second order model

The adsorption kinetics in addition described by pseudo second order model. The
linearized integral form of the model by the following equation

LR E (@)
q kzqe qe

In Position k; is the pseudo second order rate constant and q, is the equilibrium
biosorption capacity. Values of k, and g, were calculated from a plot of t/q; against t Figure 4.
From Table 3 the (R?) values for the pseudo first order and the pseudo second order kinetic
models indicated that the pseudo first order kinetic model could not explain the biosorption
kinetics in our study. The values of equilibrium biosorption capacities from the pseudo second
order kinetic model with (R?) values 0.972 & 0.996 for live & dead respectively.
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Figure 4: Pseudo second order kinetic modeling of cd* adsorption on biomass of Bacillus subtilis.
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Fourier transform infrared spectroscopy

The FTIR spectra of B.subtilis biomass before and after the metal uptake are shown in
Figure 5.

Figure 5: Infra spectra of (a) live B.subtilis were treated with cd* ions for different lengths of time namely (b) 0.0, (c)
0.2, (d) 0.12, (e) 0.24 hrs, (f) dead B.subtilis and (g) dead cd*ion.
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It can be ascertained that the figure indicates the presence of amino, carboxylic,
hydroxyl and carbonyl groups. It can be noticed from the figure that a strong broad and intense
peak at 3400-3700 cm™ shows the presence of hydrogen-bonded hydroxyl group. This also
coupled with stretching vibration of the NH, moiety (Table 1). A strong absorption at 1050 cm™
shows the stretching of C-O in polysaccharides [15]. Both live and dead B.subtilis were
subjected for Cd** accumulation. Samples were taken at regular intervals and analyzed by using
FTIR spectra. A peak at 1280 and 1470 cm™ has been observed for all intervals of time which
shows the presence of carboxylic and amid groups. While the peak at 885 and 618 cm™ during
the first 12 hrs represent the stretching and bending modes. It can be noticed from figure that
the IR spectrum for all intervals of time except 24 hrs shows a peak with strong vibration at
1280 and 1470 cm™, represents presence of C-H bonding. Finally the peaks at 2950-3000 cm™
with CH, stretching frequency shows the participation of OH and NH,. The analysis of the FTIR
spectra showed the presence of ionisable functional groups (carboxyl, amino, amide and
hydroxyl) able to interact with protons or metal ions. The above results obtained give an idea
about the presence of functional groups on the bacterial cell surfaces.

Scanning electron microscopy

The Scanning electron microscopy (SEM) images clearly reveal that the surface texture
and morphology of the biosorbent are shown in Figure 6 and 7, which represent with and
without Cd** ions, with different magnifications. The length and width of the filament of live
B.subtilis varies from 1.0 to 2.5 um and 0.3 to 0.8 um and as expected the cell shrinks when it is
dried. In dry species the length and width of the bacilli lies in the range of 0.6 to 1.8 um and 0.1
to 0.4 um. The difference in the surface morphology after the metal uptake by live and dead
species is evident from SEM images. The surface of the biomass becomes rough after metal
uptakes. It has already been stated in the preceding section on IR spectroscopy and kinetic
study that live B.subtilis takes up more metal ions than the dead one. A close examination of
the SEM micrograph of the treated samples also supports this fact; the width of the cell of
treated live biomass is more compared to the same for dried species. When treated with metal
of Cd*" ions there is the possibility of transport of cd* ions through the cell membrane in live
biomass that may be responsible for more uptakes in this Bacillus subtilis. The SEM micrograph
of metal-treated live B.subtilis shows metal ions protruding in the strand of the cell, supporting

membrane transport process.
Figure 6: SEM Images represent live bacilli A and dead bacilli B before accumulation on Bacilli subtilis without
the presence of Cd*".
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CONCLUSION

The presented study is based on the biosorption of B.subtilis on Cd* ions by live and

dead biomass. The metabolic activities in live B.subtilis possibly helps in higher uptake of metal
ions compared to dead species. The sorption process for live biomass using Freundlich model
given a good correlation coefficient and in the case of dead biomass both isotherms are
obeyed. The uptake of Cd** ions by live and dead B.subtilis follows pseudo second-order rate
equation. The Infra red spectra suggest the participation of carboxylate, hydroxyl of
polysaccharides, phosphate and amide groups in the uptake. SEM and microscopic studies
support the sorption data. Consequently, removal of Cd** live and dead B.subtilis took up
significant amount of Cd** ions. In this live B.subtilis were found to be simple, fast and efficient.
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