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ABSTRACT

The biosorption of Cd(II) and Cu(II) ions from aqueous solutions on the biomass of Lysini-
bacillus fusiformis KMNTT-10 was investigated by batch method as functions of pH, contact
time, biomass dose and initial metal concentrations. The experimental results showed the
optimum pH for adsorption of Cd(II) and Cu(II) ions was 6.0, while the contact time was
2 h at room temperature (27 ± 2˚C). The experimental data were successfully evaluated by
isotherm and kinetic models. The maximum adsorption capacities (Qmax) for Cd(II) and
Cu(II) ions obtained from the Langmuir equation were 53.19 and 46.29 mg g−1, respectively.
The adsorption kinetics for tested metals followed the pseudo-second-order model than the
pseudo-first-order model. Scanning electron microscopic analysis showed deformation and
surface damage in the Cd(II) and Cu(II) adsorbed cells. Energy-dispersive X-ray scanning
results confirmed the adsorption of Cd(II) and Cu(II) onto biomass. Fourier transform-
infrared spectroscopy analysis indicated that functional groups (amino, carboxyl, hydroxyl
and carbonyl groups) on the cell surface were responsible for metal binding.
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1. Introduction

Heavy metal pollution in aquatic environment is
caused by anthropogenic activities such as mining,
electroplating, electric appliance manufacturing, dis-
charging of metal containing municipal and industrial
wastes and use of metal containing pesticides. Heavy
metals are non-biodegradable persistent pollutant
which causes serious environmental threat, and
affecting human health via food chain. Especially, cad-
mium and copper are often used in many industries
and released into the environment from a variety of

industrial wastewaters. Over the past five decades, the
worldwide release of cadmium and copper reached
22,000 and 939,000 t, respectively [1]. Particularly, cad-
mium and its compounds are highly toxic, mutagenic
and carcinogenic [2,3], which damage the cells by
binding with glutathione and sulphydryl groups in
protein [4]. Copper, on the other hand, causes various
health problems to living organisms; in particular,
liver damage upon prolonged exposure [5]. Therefore,
removal and recovery of heavy metals from wastewa-
ter is important for the protection of environment and
human health. Conventional methods (precipitation,
ion exchange, electroplating and/or membrane pro-
cesses) of metal removal are expensive and inefficient
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at low concentrations (≤100 mg L−1) [6,7]. Recently,
the use of bio-based adsorbent has been considered as
an alternative to remove the metals from wastewater.
Compared with conventional methods, it can be an
economical and efficient method at low concentrations
[8,9]. Usually, it removes heavy metals without creat-
ing secondary pollution. Various biomasses such as
microbes, plants and agricultural wastes were exten-
sively used as adsorbents for removal of heavy metals.
Amongst, microbial adsorbents (bacteria, algae, fungi,
yeasts, etc.) appear to be more promising than other
biosorbents. Of the other microbial adsorbents, bacte-
rial biomass has received considerable attention
because of (a) easier cultivation in laboratory, (b) rapid
growth within the short period, (c) higher production
yield under simple nutritional conditions and (d) high
metal sorbing capacity because of higher surface area
to volume ratio [10]. The cell wall of microbial adsor-
bent composed of polysaccharides, proteins and lipids,
which containing many functional groups such as car-
boxylate, hydroxyl, sulphate, phosphate, amide and
amino groups. These functional groups are actively
involved in metal binding. Heavy metal biosorption
depends on the chemical and physical properties of
the metal ions, cellular physiology and cell viability as
well as some external factors such as pH, temperature,
biomass type and metal concentrations [11,12]. The
strain Lysinibacillus fusiformis KMNTT-10 is a Gram-
positive bacterium isolated from Uppanar estuarine
water samples of Cuddalore coast, south-east coast of
India, which has greater metal resistance and adsorb-
ing abilities. The objective of the present study was to
investigate the biosorption ability of L. fusiformis
KMNTT-10 for Cd(II) and Cu(II) ions. The influences
of solution pH, contact time, biomass dose and initial
metal concentrations on the metal biosorption were
studied by employing batch mode techniques. In addi-
tion to this, isotherm and kinetic models were used to
evaluate the experimental data. The biosorbent nature
and metal ions interaction was evaluated by scanning
electron microscopy (SEM) coupled with energy-dis-
persive X-ray spectroscopy (EDX) and Fourier trans-
form-infrared spectroscopy (FT-IR) analysis.

2. Materials and methods

2.1. Bacterial strain and biosorbent preparation

The bacterial strain Lysinibacillus fusiformis
KMNTT-10 (GenBank Accession no. KC152467.1) used
in this study was previously isolated from the pol-
luted water samples of Uppanar estuary, south-east
coast of India [13]. This strain has higher metal resis-
tant (Cd(II), Cu(II), Pb(II) and Zn(II)) and biosorption

capability under nutrient conditions. In order to pre-
pare the biosorbent, the bacterial cells were cultured
in 20% seawater nutrient broth (20% SWNA composi-
tion L−1: 5.0 g peptone, 1.5 g beef extract, 1.5 g yeast
extract, 200 mL aged seawater and 800 mL deionized
water; salinity = 5 ± 2‰) for 24 h. Biomass was har-
vested by centrifugation at 8,000 rpm for 10 min. The
collected biomass was washed thrice with distilled
deionized water and used as an adsorbent for biosorp-
tion experiments.

2.2. Preparation of metals stock solutions

Analytical grade salts of CdCl2·5H2O (Loba
Chemie, Mumbai, India) and CuSO4·5H2O (Fisher
Scientific, Mumbai, India) were used to prepare the
1,000 mg L−1 of stock solutions. The stock solutions
were sterilized at 110˚C for 15 min and filtered using
0.45-μm-pore size filters. The required concentrations
of working solutions were obtained by appropriate
dilution in deionized water prior to each experiment.

2.3. Biosorption experiments

The schematic representation of Cd(II) and Cu(II)
biosorption by L. fusiformis KMNTT-10 biomass is
illustrated in Fig. 1. Biosorption experiments were con-
ducted by adding 0.1 g of biosorbent in 50 ml of
100 mg L−1 metal solution, and then mixtures were
continuously stirred on a shaker (150 rpm) at room
temperature (27 ± 2˚C). The mixtures were taken at
desired intervals and were subsequently centrifuged
at 5,000 rpm for 10 min at 4˚C. The metal concentra-
tions in supernatants were estimated using the Atomic
Absorption Spectrometer (GBC HG 3000; Sens AA,
Australia; 2009). All experiments were carried out in
triplicate for both metals. The effect of pH on the
biosorption was investigated in the pH range 2–7. The
initial pH of the working solutions were adjusted with
of 0.1 N NaOH and 0.1 N HNO3.

The effect of biomass dosage on biosorption was
studied by adding different concentrations of biosor-
bent (0.05–0.2 g) in 50 ml of 100 mg L−1 metal solution.

The effect of contact time on biosorption was car-
ried out in 100-mL flask containing 100 mg L−1 of Cd
(II) and Cu(II) solution (50 mL) and 0.1 g of biosor-
bent. Samples were taken at different time intervals
(0–4 h) and analyzed as described above.

For adsorption isotherms, 0.1 g of biosorbent was
added in 50 mL of different concentrations (50–
300 mg L−1) of Cd(II) and Cu(II) solution at optimized
pH value of 6.0. The mixtures were continuously
stirred on a shaker (150 rpm) at room temperature (27
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± 2˚C) for 2 h. After 2 h, the mixtures were taken and
then followed the same procedure as described above.
The biosorption capacity (qe) can be calculated as
follows:

qe mgg�1
� � ¼ ½Ci � Ce�

M
� V (1)

where Ci and Ce are the initial and equilibrium con-
centrations of metal (mg L−1), respectively. M = weight
of biosorbent (g), V = solution volume (L).

2.4. Scanning electron microscopy (SEM) and energy-
dispersive X-ray analysis (EDX)

The metal-adsorbed and non-adsorbed cells were
obtained by centrifugation (10,000 rpm at 4˚C for
10 min) and washed thoroughly with sodium phos-
phate buffer (0.1 M, pH 7.2), fixed overnight in 2.5%
glutaraldehyde (prepared in 0.1 M PBS). The cells
were smeared on the glass slides and dehydrated in a
series of increasing concentrations (10% to absolute) of

ethanol. The air-dried slides were firmly fixed on
brass stub, sputter-coated with gold and viewed by
SEM (JSM-5610LV, JEOL, JAPAN). EDX (OXFORD
ISIS 300 EDS) was used to confirm the adsorption of
Cd(II) and Cu(II) by biosorbent.

2.5. FTIR analysis of biosorbent

The metal (Cd(II) and Cu(II))-adsorbed and non-ad-
sorbed cells were dried in an oven at 60˚C. The dried
cells were powdered and mixed with KBr to make a
disc for spectrum analysis. The disc was scanned using
an FT-IR spectrophotometer (Spectrum RX I, Perkin
Elmer, USA) in the range of 4,000–400 cm−1.

3. Results and discussion

3.1. Effect of pH on biosorption

The solution pH is the most important parameter
which affects the sorption capacity of biosorbent [14].
The effect of pH on Cd(II) and Cu(II) biosorption is

Fig. 1. Schematic representation of Cd(II) and Cu(II) biosorption by harvested biomass of L. fusiformis KMNTT-10.
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presented in Fig. 2. Results showed that the biosorp-
tion capacity of biomass for both metals increased
with an increase in pH until reaching the optimum at
6.0, and then decreased at pH value above 6.0. The
maximum biosorption capacity for Cd(II) and Cu(II)
observed at pH 6.0 was 41.6 and 38.7 mg g−1, respec-
tively. Metal biosorption is achieved through ionic
interaction between metals and functional groups (car-
boxyl, phosphate, imidazole and amino groups) of the
biomass. It is reported that at lower pH, the hydrogen
(H+) and hydronium (H3O

+) ions are greater in solu-
tion which competes with cations for binding sites of
cells. In addition, the hydrogen (H+) and hydronium
(H3O

+) ions protonate the cell surface of biomass
which limits the binding of metals with cells. At
increased pH, the biosorption capacity increased due
to the decreased competing effect of these protons (H+

and H3O
+) with cations [15]. It is previously reported

that the solution pH affects the net negative charge on
the cell surface as well as the availability of metal ions
[10]. However, at pH values above 6.0, the metal ions
precipitate as metal hydroxides because of the high
concentrations of OH- ions in the solution [16]. Reddy
et al. [17] reported that decreased adsorption at
pH > 6 was due to the formation of soluble hydroxy-
lated metal complexes and their competition with the
binding sites. The solution pH affects not only the sur-
face charge of the biosorbent but also the metal specia-
tion. Metal speciation is a vital process in the metal
adsorption which is pH dependent. The metal can
exist in various forms in solution as a function of pH.
It is reported that copper exists as Cu2+ at pH 3.0–4.0;
Cu(OH)+ at pH 4.0–5.0 and Cu(OH2) at pH > 6 [18].
For cadmium, Cd2+ ions are predominant at pH
values between 3.5 and 5.0, whereas low-soluble spe-
cies such as Cd(OH)2 and Cd(OH)3 at pH > 5.0 [19].

Moreover, the metal speciation process in adsorption
solution depends not only on pH but also on
adsorbate–adsorbent concentrations.

3.2. Effect of biomass dosage on biosorption

The effect of biomass dosage on Cd(II) and Cu(II)
biosorption is shown in Fig. 3. The results showed that
biosorption capacity decreased by increasing the bio-
mass dosage for both metal ions. As shown in Fig. 3,
when the biomass dosage was increased from 0.05 to
0.2 g, the biosorption capacity decreased from 79.4 to
16.0 mg g−1 for Cd(II) and from 73.8 to 15.3 mg g−1 for
Cu(II). The results confirmed that the biomass dosage
strongly affected the biosorption capacity. The highest
biosorption capacity for both metals was observed at
low biomass dosage, and this might be due to the
availability of free adsorption sites. The decreased
biosorption capacity was observed at higher biomass
dosage for both metals. This may be due to electro-
static interaction between cells, which decrease the
binding sites for metal occupation [20,21].

3.3. Effect of contact time on biosorption

Contact time is another important parameter which
influences the biosorption process. Fig. 4 shows the
effect of contact time for the biosorption of Cd(II) and
Cu(II) onto KMNTT-10 biosorbent. Results indicate
that biosorption capacity for Cd(II) and Cu(II) ions
was rapid and attained equilibrium within 2 h of con-
tact time. The maximum biosorption of 42.5 mg g−1 for
Cd(II) and 37.1 mg g−1 for Cu(II) was observed at 2 h
of contact time. The biosorption occurred in two
phases: an initial phase of faster adsorption and later

Fig. 2. Effect of pH on Cd(II) and Cu(II) biosorption (ex-
perimental conditions: initial concentration 100 mg L−1;
biosorbent dose 0.1 g; contact time 12 h).

Fig. 3. Effect of biomass concentration on Cd(II) and Cu(II)
biosorption (experimental conditions: initial concentration
100 mg L−1; pH 6.0; contact time 12 h).

22432 K. Mathivanan et al. / Desalination and Water Treatment 57 (2016) 22429–22440



phase of lower adsorption [22]. The initial phase takes
shorter time to metal sorption, and this might be due
to availability of abundant metal species and empty
metal binding sites of the biomass. Lower metal
uptake at the later stage may be due to saturation of
binding sites and/or intra-particle diffusion process
[23]. Ziagova et al. [14] reported similar behaviour for
the biosorption of Cd(II) and Cr(VI) on Staphylococcus
xylosus and Pseudomonas sp. in single and binary
mixtures.

3.4. Effect of initial metal concentration on biosorption

Fig. 5 shows the effect of initial metal concentra-
tion for the biosorption of Cd(II) and Cu(II) ions. The
results showed that the sorption capacity of biomass
increased by increasing the initial concentration of
metal ions. For Cd(II), when the initial metal concen-
tration was increased from 50 to 300 mg L−1, the sorp-

tion capacity increased from 23.2 to 54.5 mg g−1. In
case of Cu(II), the sorption capacity increased from
21.4 to 47.4 mg g−1 (Fig. 5). The experimental result
indicating biosorption process depends not only on
the properties of biomass, but also on the metal ions
concentration in solution. The increased biosorption
rate at higher concentration might be due to diffusion
of metal ions into the biomass by intra-particular dif-
fusion and/or binding of metal ions with released bio-
materials through cell damage. The Cd(II) biosorption
capacity was found to be considerably higher vs. Cd
(II), and this might be attributed to the difference in
their ionic radii [24]. The ionic radii of Cd(II) and Cu
(II) are 0.97 and 0.73 Å, respectively. In general, the
smaller the ionic radius, the greater its tendency to be
hydrolyzed, leading to reduced adsorption. So, Cu(II)
has a greater tendency to be hydrolyzed than Cd(II).
For this reason, the biosorbent has greater affinity for
Cd(II) than Cu(II). Similar result was reported
previously for metal biosorption under the influences
of initial metal concentration using Phanerochaete
chrysosporium biomass [25], lyophilized Pseudomonas
stutzeri [26] and Geobacillus thermantarcticus [27].

3.5. Adsorption isotherms

The biosorption capacity of an adsorbent can be
described by its equilibrium sorption isotherm, which
is characterized by certain constants which express the
surface properties and affinity of the adsorbent [28].
To test the fit of data, the Langmuir and Freundlich
isotherm models were applied in this study. The lin-
earized Langmuir and Freundlich isotherms were
used to describe the equilibrium state for single-ion
biosorption.

The Langmuir isotherm assumes a monolayer
adsorption of solute onto a solid surface with a finite
number of identical sites. The mathematical descrip-
tion of the Langmuir equation is:

qe ¼
QmaxbCe

1þ bCe
(2)

By plotting the linear form of Eq. (2):

Ce

qe
¼ 1

Qmaxb
þ Ce

Qmax
(3)

where Qmax (mg g−1) is the maximal metal sorption
capacity, b (l mg−1) represents the sorption equilibrium
constant. Qmax and b can be determined experimen-
tally by plotting of Ce/qe vs. Ce (Fig. 6(a)). The value

Fig. 4. Effect of contact time on Cd(II) and Cu(II) biosorp-
tion (experimental conditions: initial concentration
100 mg L−1; pH 6.0; biosorbent dose 0.1 g).

Fig. 5. Effect of initial metal ion concentration on Cd(II)
and Cu(II) biosorption (experimental conditions: biosor-
bent dose 0.1 g; pH 6.0; contact time 2 h).
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of Langmuir constant b (l mg−1) represents biomass–
metal binding affinity [29].

The Freundlich isotherm is an empirical equation
based on sorption on a heterogeneous surface. This
empirical equation of the Freundlich isotherm is:

qe ¼ KFCe1=n (4)

By plotting the linear form of Eq. (4):

log qe ¼ 1

n
logCe þ logKF (5)

where KF and n are Freundlich adsorption capacity
constant and adsorption intensity, respectively. The
value of KF and n was determined by plotting log qe
vs. log Ce (Fig. 6(b)). The linearized Langmuir and Fre-
undlich adsorption isotherms of L. fusiformis biomass
for Cd(II) and Cu(II) were shown in Fig. 6(a) and (b).
The Langmuir and Freundlich adsorption constants
and its corresponding correlation coefficients were

given in Table 1. The maximum adsorption capacity
(Qmax) of biomass for Cd(II) and Cu(II) obtained from
Langmuir equations was 53.19 and 46.29 mg g−1,
respectively (Table 1). Experimental Cd(II) and Cu(II)
adsorption data were correlated and had similarity
with the Langmuir model with R2 value of 0.993 and
0.992, respectively. The Qmax values indicated that Cd
(II) ions were greatly adsorbed by biomass from aque-
ous solution compared to Cu(II) ions. The Langmuir
results showed that tested biomass has the greater
adsorptive capacity and could be used for biosorption
of Cd(II) and Cu(II) from polluted wastewaters. The
adsorption capacity of L. fusiformis KMNTT-10 biosor-
bent for both metals appears to be higher in compar-
ison with those other biosorbent (Table 2). The
experimental adsorption data were also correlated
with the Freundlich model. The adsorption capacity
constants (KF) and adsorption intensity (n) for Cd(II)
obtained from Freundlich isotherm were 19.78 and
4.95, respectively. In case of Cu(II), the adsorption
capacity constants (KF) and adsorption intensity (n)
were 16.91 and 4.75, respectively. When approaching
the adsorption intensity value (n) to 1 or greater than
1, indicates that the adsorbate was effectively
adsorbed by biosorbent [32]. Results showed that
intensity value (n) of biosorbent for both metals was
greater than 1, which indicates that Cd(II) and Cu(II)
ions effectively adsorbed under studied condition. The
magnitude of KF and n clearly showed that the isolate
was adsorbed Cd(II) from aqueous solution with a
high adsorptive capacity compared to Cu(II). As
shown in Table 1, the regression coefficient (R2) values
from Langmuir isotherm were greater than those of
Freundlich isotherm. All these results showed the
Langmuir isotherm model fitted the adsorption data
quite well than the Freundlich isotherm.

3.6. Adsorption kinetics

The kinetic models such as pseudo-first-order and
pseudo-second-order were used to describe the
adsorption kinetics. The rate constants of Cd(II) and
Cu(II) adsorption by L. fusiformis KMNTT-10 biomass

Fig. 6. The linear form of Langmuir adsorption (a) and
Freundlich adsorption (b) isotherm for Cd(II) and Cu(II).

Table 1
Isotherm model constants for absorption of Cd(II) and Cu
(II) on bacterial biomass

Metals

Langmuir Freundlich

Qmax b R2 KF n R2

Cd(II) 53.19 0.083 0.993 19.78 4.953 0.905
Cu(II) 46.29 0.069 0.992 16.10 4.675 0.827
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were determined using the pseudo-first-order kinetic
model. The linear form of pseudo-first-order model is
given below [33]:

log qe � qt
� � ¼ log qe � k1

2:303
t (6)

where qe and qt are the amount of metal adsorption at
equilibrium state and at any time, respectively
(mg g−1). k1 (min−1) is the pseudo-first-order rate con-
stant. The value of k1 was obtained experimentally by
plotting log(qe − qt) vs. t (Fig. 7).

The linear form of pseudo-second-order model is
expressed as follows [34]:

t

qt
¼ 1

k2q2e
þ 1

qt
t (7)

where k2 is the rate constant of the pseudo-second-order
kinetic model (g mg−1 min−1). The qe and k2 were
obtained by extrapolation of the linear portion of the

plot of t/qt vs. t (Fig. 8). The pseudo-first-order and
pseudo-second-order kinetic models are shown in Figs 7
and 8. The rate constants and correlation coefficient val-
ues for both metals were depicted in Table 3. As shown
in Table 3, the calculated qe value for both metals from
the pseudo-first-order model is not closer to experimen-
tal qe value. Compared with the pseudo-first-order
model, the pseudo-second-order model was fitted well
with the experimental data with high correlation coeffi-
cient [35]. The qe value of 42.84 mg g−1 (Cd(II)) and
36.36 mg g−1 Cu(II)) calculated from pseudo-second-
order model fitted well with experimental data of 42.5
and 37.5 mg g−1, respectively. Therefore, pseudo-
second-order kinetic model is suitable to describe the
adsorption kinetics of Cd(II) and Cu(II) by KMNTT-10.

3.7. Scanning electron microscopy and energy-dispersive
X-ray analysis

The morphology of metal adsorbed and non-ad-
sorbed biomass is shown in Fig. 9(a)–(c). The mor-

Table 2
Comparison of biosorption capacity of L. fusiformis KMNTT-10 for Cd(II) and Cu(II) with those other biosorbents

Metal S. no. Biosorbent Sorption capacity (mg g−1) Refs.

Cd(II) 1 Geobacillus thermantarcticus 33.78 [27]
2 P. simplicissimum 52.5 [30]
3 Pseudomonas stutzeri 47.86 [26]
4 L. fusiformis KMNTT-10 53.19 Present study
5 Anoxybacillus amylolyticus 18.72 [27]

Cu(II) 1 Pantoea sp. TEM18 31.3 [31]
2 A. amylolyticus 12.39 [27]
3 Pseudomonas stutzeri 33.16 [26]
4 L. fusiformis KMNTT-10 46.29 Present study
5 Geobacillus thermantarcticus 24.21 [27]

Fig. 7. Pseudo-first-order kinetics of Cd(II) and Cu(II)
adsorption for KMNTT-10 biomass.

Fig. 8. Pseudo-second-order kinetics of Cd(II) and Cu(II)
adsorption for KMNTT-10 biomass.
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phology of bacterial cells was typical rod shape and
smooth surface. However, the morphology of cells
after Cd(II) and Cu(II) adsorption was drastically
changed. SEM image of Fig. 9(b) and (c) clearly dis-
played the appearance of irregular bulge (blebs) on its
outer membrane of Cd(II)- and Cu(II)-adsorbed cells.
In fact, the changes in the surface morphology of
metal-adsorbed cells are an adopted mechanism to
resist the heavy metal toxicity [36]. Highem et al. [37]
stated the size of the cadmium-treated Pseudomonas
putida cells was smaller than non-treated cells, and
formed blister-like protrusions (blebs) in the surface
structure of cadmium-treated cells. Adarsh et al. [38]
reported that distinct changes in cell size and surface
features of metal-adsorbed bacterial cells as compared
to non-adsorbed cells. The EDX spectra of metal-ad-
sorbed cells clearly showed the presence of peaks per-
taining to cadmium and copper, which were not
appeared in EDX spectrum of non-adsorbed cells.
These results confirmed the adsorption of Cd(II) and
Cu(II) on the KMNTT-10 biomass.

3.8. FTIR analysis of biosorbent

FTIR spectra of the control (metal non-adsorbed)
and metal-adsorbed biomass were recorded to study
the functional groups involved in metal binding
(Fig. 10(a)–(c)). Analyzing the IR spectra, the changes
in peaks position and intensities were observed in
metal-adsorbed biomass from its native position (con-
trol). The broad and strong peak at 3,300 cm−1 indi-
cated the overlapping of –OH and –NH stretching
vibration. The absorption peak at 2,929 cm−1 in the
spectrum of control biomass could be attributed to the
–CH stretching vibrations of –CH3 and =CH2 groups.
A sharp and medium peak at 2,358 cm−1 exhibited to
the asymmetric stretching of the isocyanate group
(–N=C=O) [39]. While the absorption peaks at 1,653
and 1,539 cm−1 could be attributed to the amide I and
amide II bands, respectively. The amide I and amide
II in the spectrum could be attributed to the occur-
rence of protein in the biomass [40]. The peaks at
1,455 and 1,395 cm−1 might be attributed to C=O sym-
metric stretching of carboxyl salts (–COOH). Further,

the peak at 1,233 cm−1 can be assigned to the vibra-
tions of carboxyl (–COOH) and phosphate groups
(P=O and P–O of the C–PO2�

3 moiety). Mostly, these
groups belong to cellular components like phospho-
lipids, peptidoglycan, cell-associated polysaccharides
and peptides which are able to bind with metals [41].
The strong peak at 1,066 cm−1 was attributed to C–O
stretching of alcohols and carboxylic acids [42]. The
peak in the finger print region, i.e. 667 and 552 cm−1,
attributed with –C–C stretching. Overall, the IR spec-
tra indicated that main functional groups presented
on the biomass surface were hydroxyl, carbonyl, car-
boxyl, amide, imidazole, phosphate and phosphodi-
ester groups. However, the significant changes in
certain peak position and intensities were observed
after metal adsorption (Fig. 10(b) and (c)). The spectra
of Cd(II)- and Cu(II)-adsorbed biomass showed a
minor shift in the peak position of 3,300 to 3,302 cm−1

and to 3,301 cm−1, respectively. The significant change
in the peak position and intensity at 2,358 cm−1 region
after Cd(II) and Cu(II) biosorption were 2,359 and
2,362 cm−1, respectively. These significant change in
peak position and intensity after metal adsorption
revealed that isocyanate groups are principally
involved in the metal adsorption. Moreover, these sig-
nificant changes may shift the other functional groups
slightly from its native position [43]. The peaks wave-
length observed at 1,653 and 1,539 cm−1 changed to
1,655 and 1,537 cm−1 for Cd(II) and to 1,656 and
1,538 cm−1 for Cu(II) adsorbed spectra, respectively.
This might be due to these peaks corresponding func-
tional groups amide I and amide II participated in
metal binding. The peak at 1,455 cm−1 was shifted to
1,454 cm−1 in the metal-adsorbed biomass, which indi-
cated the role of carboxyl groups in metal adsorption.
Compared with native spectrum, the peaks at 2,929
and 1,233 cm−1 were not shifted in the spectrum of Cd
(II)-treated biomass (Fig. 10(b)). In the spectrum of Cu
(II)-adsorbed biomass, the peak at wavelength of
1,395 cm−1 was not shifted from its native position
(Fig. 10(c)). The non-shifted peaks corresponding func-
tional groups did not participate in the metal biosorp-
tion [35]. The significant changes in certain peaks
position after metal adsorption indicate that peaks

Table 3
Kinetic parameters for the biosorption of Cd(II) or Cu(II) onto L. fusiformis KMNTT-10

Metal

Pseudo-first-order Pseudo-second-order

k1 (min−1) R2 qe(cal) (mg g−1) k2 (g mg−1 min−1) R2 qe(cal) (mg g−1) qe(exp) (mg g−1)

Cd(II) 0.020 0.872 14.7 0.0008 0.991 42.84 42.5
Cu(II) 0.018 0.831 14.2 0.0615 0.994 36.36 37.5
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corresponding functional groups involved in the metal
binding [36,42].

3.9. Adsorption mechanism discussion

Understanding the mechanisms of metal–bacterial
interaction is important for the selection of suitable
strain to develop the effective and economically feasi-
ble biosorption process [44]. In the present study, the
adsorption mechanisms of bacteria with metals were
investigated by SEM–EDS and FTIR analysis. The cells
before metal adsorption were typically rod shaped
and have smooth surface (Fig. 9(a)). However, the
morphology of cells after metal adsorption was drasti-
cally changed and displayed the irregular bulge on
the cell wall (Fig. 9(b) and (c)). The changes in cell
wall of bacteria are a defence process against metal
toxicity [36]. Moreover, the results suggested that cell

wall of bacteria is the primary site for metal binding.
The EDX spectra confirmed the adsorption of Cd(II)
and Cu(II) on the KMNTT-10 biomass. Generally,
metal biosorption is accomplished through interaction
of metals with functional groups of cell wall. FTIR
spectra showed various functional groups present on
the cell wall such as hydroxyl, carbonyl, carboxyl,
amide, imidazole, phosphate and phosphodiester
groups. These functional groups are mainly present in
the cell wall constituents such as polysaccharides, pro-
teins and lipids. When analyzing the IR spectra, signif-
icant changes were observed at peaks wavelength and
also the intensity in the spectra of biomass after metal
adsorption (Fig. 10(b) and (c)). These spectral changes
provide evidence for the functional groups of cell sur-
face as a primary site for metal adsorption [37]. In
addition, the solution pH can affect the negative
charge of functional groups during metal biosorption.

Fig. 9. SEM–EDX analysis of L. fusiformis KMNTT-10 after and before Cd(II) and Cu(II) biosorption: (a) Metal
non-adsorbed cells; (b) Cd(II)-adsorbed cells and (c) Cu(II)-adsorbed cells (arrow indicates “blebs”).
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The results obtained from the effect of pH on metal
adsorption indicate that ion exchange between
functional groups with metals is controlled by solution
pH [10,15]. Overall, the study results showed the
metal adsorption onto biomass is a combined process
of ion-exchange–complexation.

4. Conclusions

In this study, the biomass of L. fusiformis KMNTT-
10 efficiently removed the Cd(II) and Cu(II) from
aqueous solutions. The physicochemical conditions
such as pH, contact time, initial concentration of metal
and biomass strongly affected the biosorption pro-
cesses. The optimum conditions for Cd(II) and Cu(II)
adsorption were pH 6.0 and contact time 2 h at room
temperature (27 ± 2˚C). The maximum Cd(II) and Cu
(II) biosorption capacities (Qmax) of biomass obtained
from the Langmuir isotherm was 53.63 and
46.27 mg g−1, respectively. The kinetic data of Cd(II)
and Cu(II) biosorption fitted well to the pseudo-

second-order model than the pseudo-first-order
model. SEM–EDX results confirmed that the biosorp-
tion of Cd(II) and Cu(II) by the biomass of L. fusiformis
KMNTT-10. The FT-IR results revealed that the func-
tional groups on the cell surface were principally
involved in metal sorption. Overall, the study results
showed that L. fusiformis KMNTT-10 biomass could be
an effective adsorbent for the removal of heavy metals
from wastewater.
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