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ABSTRACT

Heavy metal pollution from industrial wastewater is a significant problem that can be solved through
remediation. The present study investigated the adsorption capability of endophytic bacterium Agro-
bacterium tumefacians 12b3 from the hyper accumulator plant Oxalis corniculata against Cd(I). Fourier
transform infrared (FT-IR) technique was used for the surface characterization of the biosorbent and
scanning electron microscopy (SEM) was applied to detect the change in biosorbent for adsorption of
Cd(II) ions. Different factors such as pH, contact time and initial metal concentration for the adsorp-
tion of Cd(IT) was studied in detail. Cd(II) was quantitatively adsorbed at pH 6 with optimum contact
time of 30 min and adsorption increased as the concentration increased from 10 to 150 mg L. The
results were in accordance with Pseudo-second-order kinetic and Langmuir isothermal model with
maximum capacity of 56.17 mg g™ of cadmium. The present study demonstrated that A. tumefaciansis
quite efficient in adsorption of cadmium (II) and can open a new door in the field of remediation of
heavy metals form industrial wastewater.
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1. Introduction

Water pollution due to heavy metal contamination is
a global environmental concern. Release of heavy metals
into water without any proper treatment may cause many
adverse effects on human health because of their toxic
nature, persistence, biomagnification and accumulation
throughout the food chain [1,2]. The main sources of heavy
metal contamination of aqueous environment are efflu-
ents coming from various industries such as electroplating,
metallurgical processes, mining, textile, storage batteries,
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pigment, plastic manufacturing and fertilizers [3]. Among
heavy metals cadmium, chromium, lead, manganese are
highly toxic to environment and are not easily biodegrad-
able [4]. Cadmium is the main cause of oxidative stress and
cancer by binding to the necessary respiratory enzymes [5].
International agency for research on cancer declared cad-
mium as Category-I carcinogen. According to US environ-
ment protection agency cadmium(Il) has been categorized
as Group Bl carcinogen [6]. Exposure of cadmium to liv-
ing organisms causes severe damage to various tissues and
induces apoptosis in extensive variety of cell lines [7]. Cad-
mium induces single strand breaks in DNA, sister chroma-
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tid exchanges, chromosomal aberrations and damages the
DNA-protein binding in various cells of organism [8].

Various conventional methods such as filtration, chem-
ical precipitation, membrane technology, oxidation/reduc-
tion, electrochemical treatment, ion exchange, reverse
osmosis, and evaporation recovery, have been used for
removal of heavy metals from the contaminated water [9].
The main drawback of using these methods is that they
are not cost effective, less efficient and more labor-inten-
sive [10]. Nowadays more attention is being given on the
use of microbial biomass, mainly bacteria for removal of
heavy metals from contaminated water [11]. Biosorption
is a combination of numerous mechanisms such as elec-
trostatic attraction, complexation, Van der Waal’s forces,
ion-exchange, covalent binding, adsorption and micropre-
cipitation [12]. During recent years, more importance has
been given to biosorption technology due to its eco-friendly
nature, better performance and cost-effectiveness. The
major characteristics of microbial biomass that are involved
in removal of heavy metals are membrane components,
presence of functional groups, tolerance ability and uptake
capacity [13]. There area number of factors which affect the
uptake ability of metals ions inculding temperature, pH,
contact time and initial metal concentration [14]. Among
these, pH is the major environmental factor that affects the
solution chemistry and activity of functional groups in the
microbial biomass [15]. The aim of this study is to find out
the biosorption potential of Agrobacterium tumefaciens 12b3
against heavy metals in aqueous environment.

2. Materials and methods
2.1. Isolation and purification of endophytes

The endophytic bacterium Agrobacterium tumefaciens
12b3 was isolated from a wild plant Oxalis corniculata L.
Samples of wild plant were collected from different spots
of Quaid-i-Azam University Islamabad. Primary parts of
the plant such as root, shoot and leaves were taken. The
parts were cut into smaller pieces for the purpose of sur-
face sterilization and then these parts were soaked into 3%
hydrogen per oxide for approximately 4 min and after that
these parts were washed with deionized water. HgCl, solu-
tion about 0.1% was also used for surface sterilization of
different parts of plant tissues. Plant parts were soaked in 1
mL sterile distilled water and then shift into test tubes hav-
ing 5 mL of Dobereiner nitrogen (DN) semisolid media. Test
tubes were incubated for 7 days at 35+2°C and then sub-cul-
tured for further purification of bacterial growth according
to method described by [16]. The strain was identified as
A. tumefaciens based on 165 rRNA gene sequencing analysis
with gene bank no. KF875446.

2.2. Preparation of biosorbent

The isolated strain Agrobacterium tumefaciens 12b3 was
inoculated into 100 ml Luria-Bertani (LB) media containing
0.5 M NaCl in 250 mL conical flask and were incubated at
25°C for 48 h in an orbital shaker at 150 rpm. The cells grow
till late exponential phase and were harvested by centrif-
ugation at 4°C for 10 min at 4000 rpm in falcon tubes [17].

2.3. Formation of metal stock solution

Cadmium stock solution of 1000 mg L™ was prepared
by dissolving 1.791 g of cadmium chloride (CdCl,) in 1 liter
of double distilled water. The pH of the solution was set to
different value such as (2, 4, 6, 8 and 10) by using diluted 0.1
M hydrochloric acid (HCI) for lowering pH value and 0.1 M
sodium hydroxide (NaOH) to maintain basic pH. Different
Cd(II) concentrations such as (10, 25, 50, 100 and 150 mg L)
were obtained by diluting the stock solution.

2.4. Batch adsorption studies

The batch adsorption experiment was conducted with
different factors which can affect the biosorption process
efficiently such as pH, adsorption time and initial metal
concentration value. All the experiments were conducted in
triplicate manner. The first factor which affects the biosorp-
tion process is pH. Five different values of pH 2, 4, 6, 8 and
10 were selected moving from highly acidic to basic. First
of all 100 mL of metal stock solution was prepared in 250
ml Erlenmeyer flask with bacterial biomass of 0.5 g. Solu-
tions were shaken at 150 rpm in orbital incubator shaker at
temperature 35+ 2°C for 60 min and were then centrifuged
(4000 rpm) at 4°C for 10 min. The supernatant was collected
for remaining cadmium concentration by using 240FS
Varian Atomic Absorption Spectrophotometer. Same pro-
cedure was repeated for other parameters such as contact
time and initial metal concentration as well. Metal removal
by living cells of Agrobacterium tumefaciens 12b3 was deter-
mined according to the following equation.

G -C
M

In this equation g, (mg g™) is the cadmium ion adsorbed,
C, (mg L") is the initial concentration of cadmium before
sorption, C, (mg L™) is the final concentration of cadmium
after sorption, V (mL) is the volume of metal solution in the
flask and M (g) is weight of biomass. The data was analysed
by making comparison with control group.

q.= xV 1)

2.5. Surface characterization by Fourier Transform Infrared
Spectroscopy (FTIR)

The presence of effective groups on the surface of biosor-
bent were analysed by using FTIR spectroscopic technique.
Approximately 1 mg of biosorbent material was mixed with
about 100 mg of thinly separated spectroscopic Potassium
bromide (KBr) disc. The fusion mix was hard-pressed beneath
elevated pressure. Resulted discs were sited into Bruker Ten-
sor 27 FTIR spectrometer and FTIR spectra were verified in
the wave number ranging from 500-4000 cm™[18].

2.6. Characterization of adsorbent using Scanning Electron
Microscope (SEM)

In the present study SEM analysis (CASP-T) was done
to detect any change in the surface morphology of bacteria
after metal adsorption and to ensure the presence of metal
ions on bacterial surface. Metal-loaded and metal free (con-
trol) microbial pellets were used for SEM analysis. Pellet
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was treated with 4% glutaraldehyde in phosphate buffer
(pH 6.9, 0.02 M) for 1 h and then wash with distilled water.
Later, the pellet was washed with 10-100% alcohol, for 20
min at every step. Air dried the pellet and used for exam-
ination of SEM.

3. Results and discussion
3.1. Isolation and characterization of microorganisms

For the current study, isolated endophyte (A. tumefa-
ciens) gram negative bacteria from root, stem and leaves
of sterilized plant Oxalis corniculatawas used with higher
endophytic possession in leaves. The protein profile of iso-
lated bacteria was determined by SDS-PAGE analysis. 16S
rRNA gene sequencing of the isolate was performed and the
strain showed 100% similarity with Agrobacterium tumefa-
ciens (KF 875446).

3.2. Effect of pH on biosorption

The pH of the solution had important effect on the bio-
sorption of heavy metals as it controls the magnitude of
surface protonation of the sorbent and the degree of ioniza-
tion. The concentration of hydrogen ions in the adsorption
process is taken as one of the most noteworthy factors that
affects the adsorption performance of metal ions in aqueous
solutions. Fig. 1 shows adsorption of cadmium at different
pH levels. The results revealed that maximum adsorption
took place at 6 pH after which reduction in the process of
adsorption occurred. At low pH, the total surface area of the
cell appeared positively charged thus completion was cre-
ated between metal cations and protons for adsorption sites
on the cell wall and resulted in decrease in metal adsorption
[19]. The presence of functional groups on the surface of cell
get positively charged resulting in repulsion of metal such
as cadmium and in the present case, this process occurred
in acidic medium [20]. It is reported by different researchers
that lower pH also affects the protonation of the cell wall
components resulting in reduction in metal uptake by the
bacterial biomass whereas with increase in pH values, the
negative charge density increases over the cell surface that
increase due to deprotonation of the metal attachment sites
[21]. Moreover at high pH, the strength of hydrogen ions
decreases making the cell wall more negatively charged.
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Fig. 1. Effect of pH of the solution on adsorption of Cd (II) onto
A. Tumefaciens 12b3. At an initial metal concentration of 50 mg
L and A. tumefaciens 12b3 dosage of 0.5 g L™ at 25°C.

This makes the attachment of Cd positive ions more effi-
cient, therefore, it enhances the adsorption of metal ions
[22]. But at pH higher than 8.0 adsorption was suppressed
and precipitation can occur due to the formation of metal
hydroxides [23]. The results were consistent with previous
studies [19].

3.3. Effect of contact time on biosorption

Contact time is the main factor affecting the efficiency
of biosorption. Optimum contact time is required to achieve
the highest removal of metal ions. Equilibrium time is one
of the significant factors for the treatment of wastewa-
ter [24]. Mostly the frequency of metal ion biosorption is
higher in the start due to large availability of free metal ion
binding sites on biosorbent but with the passage of time the
rate of biosorption tends to slows down and finally reaches
an equilibrium state. Zouboulis et al. [25] also observed
that shortest time period of sorption is effective for higher
removal of metal sorption. Similar results have also been
determined by Gaber et al. [26] for Ni and Pb biosorption.
The optimum contact time for this experiment was 30 min
where maximum sorption occurred and after which the
rate of the process became constant. All the available sites
were filled by metal ions and no further sorption could take
place as shown in Fig. 2.

3.4. Initial metal concentration

The concentration of metal plays a major role in the trans-
fer of mass between the liquid and solid phases [27]. As the
metal ion concentration increases in the solution, the electro-
static interactions between sorbent and sorbate also increase
resulting in enhancement of metal sorption. When the con-
centration of metal is low all metal ions react with the active
sites in the adsorbent with each active site being enclosed by
many metal ions. Therefore at the start of reaction the uptake
capacity is greater and as the concentration of metal increase
the adsorption sites become saturated, so the adsorption also
becomes constant as shown in Fig. 3. [28].

3.5. Langmuir isotherm model

The assumptions of Langmuir isotherm model is that
the bacterial surface possesses homogeneous adsorption

2.5

15

q. (mg/g)

0.5

0 10 20 30 40 50 60 70 80
t

Fig. 2. Effect of contact time on adsorption of Cd (II) onto A.
tumefaciens 12b3. At an initial concentration of 50 mg L™ and A.
tumefaciens dosage of 0.5 g L at 25°C.
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Fig. 3. Effect of metal concentration on adsorption of Cd (II) onto
A. tumefaciens 12b3. At an initial concentration of 10, 50, 100 and
150 mg L. A. tumefaciens 12b3 dosage of 0.5 g L™ at 25°C.

sites with equal distribution of energies [29]. The mono-
layer adsorption model offers the maximum adsorption
capacity Q,  The equation of Langmuir adsorption iso-
therm is given below.

i1 1 @)
qt’ Qmax Qmaxbce

where C, (mg L™) is the concentration of metal ion at equi-
librium, q, (mg g™') is the adsorption capability over equi-
librium position, Q, (mg g™') is the maximum adsorption
capacity and b is the adsorption energy constant at equi-
librium (L mg™) which quantitatively reflects the attraction
between A. tumefaciens 12b3 and metal ions. Graphs of 1/
g, versus 1/C, produced straight line for metal ions (Fig. 4)
which prove that the adsorption is uniform. Q , b and cor-
relation coefficient (R?) were calibrated from the graphs.

R, is dimensionless factor relating the efficacy of sorp-
tion and is written by the equation as follow:

1

R 1+bxC, ®)
where C (mg L) is the initial metal ion concentration and
b (L' mg) is Langmuir constant. R, values ranging from
0-1 shows the effectiveness of adsorption phenomena. R,
value of Cd (II) is 0.048. This indicates a highly favourable
adsorption of Cd (II) onto A. tumefaciens12b3.

3.6. Freundlich isotherm

Non-linear sorption model based on the hypothesis
that the adsorbent is structurally heterogeneous with all
adsorption sites that are actively different in energy level.
The adsorption from diluted solutions is specified by Fre-
undlich model as [30]. The equation of Freundlich adsorp-
tion isotherm model is represented below.

logg, =log Kf + llogCe (4)
n

where K is adsorption ability and 7 is adsorption strength
both are Freundlich constants which are to be measured.
Plots of log g, versus log C, yielded straight lines for Cd (II)
adsorption on A. tumefaciens12b3 (Fig. 5).

The Langmuir model was most suitable against adsorp-
tion information (R? 0.9302 for Cd(Il)) than Freundlich

0.14
y=0.619x+0.017

0.12 R-0930 »
0.1
.
008
£
> 0.06 .
2 e £
@ 004 .
g
- 0.02
0
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18
1/Ce (L/mg)

Fig. 4. The Langmuir adsorption isotherm for Cd (II) adsorption
onto A. tumefaciens 12b3.
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Fig. 5. The Freundlich isotherm for Cd (II) adsorption onto A.
tumefaciens 12b3.

Table 1
Isotherm constants and coefficients of Langmuir and Freundlich
models

Adsorbate Langmuir models Freundlich models

Q.. b R? K, n R?
(mgg™) (mgL™)
Cd (II) 56.17 0.028 09302 24099 0.7116 09144
Q... = maximum metal ions adsorption capacity of biosorbent,

b = energy constant,
K, =binding constant, n = intensity of adsorption, R* = correlation
coefficient

model (R? 0.9144 for Cd(Il)) in the range of concentration
10-150 mg L as shown in (Table 1).

3.7. Kinetics of adsorption

The adsorption of cadmium ions by A. tumefaciens
depends on the contact time, Therefore the study of the
kinetics models is a significant factor.

3.7.1. Pseudo-second order of kinetic modelling

The pseudo-second order equation is considered a par-
ticular kind of Langmuir kinetics [31]. The pseudo second
order model is dependent on the fractional filling up of sur-
face of adsorbent by adsorbate molecules adsorbed at any
time than to the amount of adsorbate adsorbed at equilib-
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rium. The adsorption sites are deep within the tiny pores so
it may become gradually difficult for the absorbate particles
to reach them. Similar results were obtain by Hubbe et al.
[32]. Several studies have been reported that most accept-
able model for of metal sorption kinetics is pseudo-second
order [33,34]. The pseudo-second order kinetic equation is
given as [35].
t 1 t
+

g kq. q,

where g, and g, (mg g') is the quantity of metal ions
adsorbed at time ‘t’ (min) and k, (g/mg/min) is the pseudo
second order rate constant. A graph t/g, versus t will gives
a straight line. The values of k,and g, are measured from
graph by the values of intercept and gradient, respectively.

The initial rate of adsorption, & (mg g™ min™), is calcu-
lated from the equation given below.

©)

h=kq, (6)
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Fig. 6. The pseudo-second-order model for Cd (II) adsorption
onto A. tumefacien 12b3. At 25°C, 0.5 g L™ dosage and pH 6.
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Fig. 7. The intra-particle diffusion model for Cd (II) adsorption
onto A. tumefaciens 12b3. At 25°C, 0.5 g L™ dosage and pH 6.

Table 2

The value of k, g, h and correlation co-efficient R? of
pseudo-second-order kinetics are listed in (Table 2)

3.7.2. Intra-particle diffusion model

Weber-Morris has given the concept of Intra-particle
diffusion model. He observed that uptake of solute parti-
cles varies proportionately with f'/2 rather than with the ¢
contact time in many adsorption processes [36].

oy (7)

where k_, is the intra-particle diffusion rate constant. A
graph of g,vs t /2 should represent a straight line and must
pass through the origin with a slope k, when the rate-lim-
iting step is intra-particle diffusion. The equation can be
modified as [37].

qt:kimthrCz ®)

where k,, (mg/g/min'/?) is intra-particle diffusion rate con-
stant and C,(mg g™) is intercept which describes the thick-
ness of the boundary layer.

3.8. FT-IR spectral analysis

FT-IR is a vital tool that is used for the identification and
characterization of functional groups present over the cell
wall surface of the biosorbents. In the present study, the FT-IR
spectra of Control (without metal) Agrobacterium tumefaciens
12b3 and metal loaded sample (Cd II) was examined by this
technique in the range of 400-4000 cm™. As each bacterium
has unique and special characters and a single bacterium
could be checked through Fourier transform infrared (FTIR)
spectrum [38]. FT-IR spectra of metal loaded and unloaded
showed different kind of absorption peaks in the spectrum
which are represented by different functional groups located
over the cell surface. Pwan et al. [39] suggested that follow-
ing functional groups are mainly responsible for a biosorp-
tion mechanism such as hydroxyl, carbonyl, carboxyl, amide,
sulfonate, imidazole and phosphodiester groups. Range and
pattern of different peaks along with their functional groups
are presented in the table which also shows the banding and
stretching of certain peaks due to the effect of heavy metal as
in the present case of cadmium. The range from 3200-3250
cm™ refers to hydroxyl and amino groups which are respon-
sible for the binding of metal to the cell wall [40]. In recent
analysis the peaks shifted from 3320.17 to 3318.79 cm™ which
also indicate the stretching of O-H and N-H group due to
the binding of metal cation cadmium. The absorption peaks

Pseudo-second order and intra-particle diffusion models for the adsorption of Cadmium ions

Adsorbate  Pseudo-second-order Exp. value Intra-particle diffusion
qe, cal kZ h qe, exp sz Ci RZ
(mg g™ (g mg™ min™) (mg g min™) (mg g™) (mg g min™/?) (mg g)

Cd(In) 1.97005 0.3151 1.2569 0.9969 1.9974 0.0933 1.2667 0.4903

g, = at equilibrium adsorption capacity; k, = pseudo-second order rate constant; /i = initial adsorption rate; R*= correlation coefficient;
K., = intraparticle diffusion rate constant; C, = thickness of boundary layer; R? = Correlation coefficient.

int
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Table 3

Range of FTIR spectra with respect to functional groups involve in biosorption process

Wave number peaks (cm™)

Metal loaded
(Cd)

Functional
groups

Agrobacterium
tumefaciens 12b3

Range of
IR- Spectra

References

3200-3520
2800-3000
2700-2900
1400-1600

1000-1100

500-700

3320.17
2994.71
2831.97
1449.67
1023.18
664.28

3318.79
2994.72
2831.81
1449.79
1023.27
666.78

O-H and N-H stretching [40]
C-H asymmetric stretching (alkenes) [46]
CH,-CH, asymmetric and symmetric stretching [43]
C-O symmetric stretching of carboxyl, amino acids and fatty acids.  [44]
P-O symmetric stretching of phosphodiesters. [47]
C-O, C-C and C-N mostly known as finger print region. [38]
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Fig. 8. FTIR spectra of Agrobacterium tumefacians 12b3 (a) without
metal stress (b) with Cd(II) metal stress.

nearly equal to 2800-3000 cm™ are referred to as asymmetric
C-H stretching in fatty acids of bacterial cell membranes [41].
The peak at 2944.71 cm™ can be assigned to C-H stretching of
alkene groups and it shifted with slight change in the peak
giving value of wave number 2944.72 cm™ after cadmium
adsorption in the endophytic Agrobacterium tumefacins 12b3.
Our present study correlates with pervious findings of FT-IR
with different biosorbents [42]. The peaks in the range of
2700-2900 either belong to CH, or CH, groups which lead to
asymmetric and symmetric stretching of these groups [43].
So the peak changed minutely from 2831.97 to 2831.81 cm™!
due to cadmium absorption. The peaks ranging from 1400-
1600 cm™ belong to fatty acids and amino acids. This range
also indicates the symmetric stretching of carboxyl group
[44]. The stretching and shifting in the present case take place
from 1449.67-1449.79 cm™. The shift from 1023.18 to 1023.27
is the indicative of C-N stretching of amino groups and may
also be related P-O-C links of the organic phosphate groups
[45]. Changes in peaks compared to the control cells were

observed in the 500-700 cm™ range after metal was loaded.
According to previous studies, this range is a fingerprint
region that is specific for every bacterium and is related to
less well-known components of the cells [38].

3.9. Scanning electron microscopy analysis of metal stress and
without metal stress of biosorbent

The surface morphology of Cd (II) loaded and unloaded
A. tumefacians was examined using scanning electron
microscopy (SEM) at functional voltage of 20 kV. (Figs. 9
and 10). The scanning electron micrograph clearly showed
the surface texture and morphology of the biosorbent at
2000x magnifications. The morphological changes in the
biosorent that is shiny and bright in appearance is indic-
ative of effective interaction of Cd(II) on to the bacterial
surfaces. The bacterial surface appeared as dense homog-
enous surface after interaction with Cd(Il). Fig. 10 explains
the bulky and shiny appearance of surface being covered
with Cd(Il) ions. Similar results were observed by Rajesh et
al and Arivalagan et al. [48,49].

4. Comparison with other biosorbents

The adsorption capacity of A. tumefaciens 12b3 was
compared with other biosorbents. The comparison indi-
cates that A. tumefaciens 12b3 has good adsorption capacity
as compared to other biosorbents (Table 4). Thus, it can be
concluded that A. tumefaciens 12b3 is quite effective in bind-
ing Cd on its surface.

5. Conclusion

The present study describes the adsorption potential of
A. tumefaciens 12b3 isolated from the plant Oxalis cornicu-
lata. The attachment of metal ions to the surface of adsor-
bent take place due to the presence functional groups.
These functional groups are responsible for metal binding
on to the adsorbent and removal from wastewater. The
results reveal that the process of adsorption changes with
the change in pH, contact time and initial concentration
of metal. The process of adsorption proliferates with the
increase in the pH value up to 6 for Cd(II) and then it start
decreases. The process of adsorption is improved with the



R.A. Gillani et al. / Desalination and Water Treatment 124 (2018) 117-124 123

Fig. 9. SEM images of biosorbent before metal adsorption. (Acc.
V =20.0 KV; Magn = 2000x).

18k

Fig. 10. SEM images of biosorbent after metal adsorption. (Acc.
V =20.0 KV; Magn = 2000x).

Table 4
Comparison of A. tumefacians for Cd biosorption with other
sorbents

Biosorbent Metal Q, Refs.
(mg g™

Saccharomyces cerevisiae cddan 817 50
Anoxybacillus amylolyticus ~ Cd(Il)  18.72 51
Spirogyra hyalina cddn 1818 52
Rhodococcus opacus Cddn  1.55 53

Mucor rouxii Cdn) 846 54
Caulerpa lentillifera Cd)  4.69 55

A. tumefaciens 12b3 cdm  56.17 This strain

increasing value of contact time till 30 min beyond which
no further adsorption take place and state of equilibrium is
established. Adsorption increases with increase in concen-
tration of metal, maximum adsorption occurring at 150 mg
L. Langmuir isotherm and Pseudo-second-order model

proved to be the best to describe the kinetics of adsorption
whereas intra-particle diffusion was also involved in the
adsorption of Cd(Il) onto A. tumefaciens without limiting
its rate. Over all, the novel bacterium A. tumefaciens has
the capacity to remove cadmium as high as 56.17 mg g™
in the solution. This study concludes that endophytic A.
tumefaciens possesses a good potential for heavy metal bio-
sorption from wastewater and can be used for large scale
applications.
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