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ABSTRACT

Heavy metal contamination of water and soil demands sustainable treatment strategies. Present study
investigating the role of endophytic plant growth promoting bacterium, Agrobacterium tumefaciens
12b3, for removal of heavy metals Cr(III) and Pb(Il) from water through biosorption mechanism.
A. tumefaciens was previously isolated from hyperaccumulator plant Oxalis corniculata. Biomass pro-
duction and harvesting of bacterial cells was done for further experimentation. Batch experiments
were conducted to determine the optimum conditions such as pH (2-10), contact time (1-120 min) and
initial metal concentration. Different concentrations of Cr and Pb(10, 25, 50, 100, and 150 mg L) were
used. Surface characterization of adsorbent material was done by Fourier transform infrared (FTIR).
Further, metal sorption efficiency for sorbent was measured by Langmiur isotherm and Freundlich
isotherm. The maximum amount of Cr and Pb uptake were 1.22 and 1.85 (mg g™ after 60 min) while
highest adsorption of Cr and Pb was obtained at pH 4 and 6, respectively, with optimum contact time
of 60 min. The adsorption of each metal ion increased as concentration range increased from 10 to
150 mg L. The adsorption capacities (g,) increased by 8-32 mg g™ and 4-58 mg g™ with increasing
initial concentrations Cr and Pb by 10-150 mg L, respectively (Fig. 4). R, value of 0.1111 for Cr and
0.1186 for Pb indicates a highly favorable adsorption of Cr and Pb onto A. tumefaciens. Surface char-
acterization of bacteria through FTIR predicted involvement of specific functional groups of bacterial
cell wall in adsorption of metal ions. Results were in accordance to pseudo-second-order kinetic and
Langmuir isothermal model having maximum capacity of 238 and 270 mg g™ of Cr and Pb, respec-
tively. Results revealed that the metal biosorption potential of A. tumefaciens may have possible appli-

cations in the removal of metals from contaminated water.
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1. Introduction

Heavy metal contamination is becoming a serious threat
to soil and water systems. Main source of heavy metals are
various industries such as textile, mining, metallurgy, elec-
troplating, leather tanning, metal finishing and automobiles
[1,2]. Typically, heavy metals including cadmium, chro-
mium, mercury, nickel, zinc, arsenic have been known for
their toxic and hazardous nature [3]. Heavy metals cause
severe effects on human health and the environment due
to their common prevalence as a noxious waste, along with
low solubility in biota. Some heavy metals are classified as
carcinogenic and mutagenic [4,5]. Chromium is a transition
element which exists in various oxidation states (-2 to +6).
Comparatively, Cr(VI) and Cr(IIl) are the two most constant
and widely available forms [6]. Cr(III) enters into the envi-
ronment through effluents of different industrial sources.
Cr(III) is lethal than Cr(VI), excess quantity of which results
in retarded growth and root abnormality in plants while its
excess exposure causes cancer and skin allergy [7,8]. Pb(II)
is a bluish-white lustrous metal [9]. Its sources are batteries,
coloring pigments, photographic films, explosives and lead
coating industry [10]. Pb(Il) is extremely harmful and toxic
that damages the nervous, reproductive and urinogenital
system predominantly in young ones [11]. The acceptable
limits for Cr(III) and Pb(II) are 0.1 ppm and 0.05 ppm, respec-
tively [8,9], however, the point source release of these metals
has been considerably higher.

Conventional methods applied for the elimination of dis-
solved metals included precipitation, reverse osmosis, ion
exchange, filtration and electrochemical treatment [12]. These
methods either proved to be partially effective or they further
add certain contaminants [13]. Contrarily, biosorption has
been considered as the most acceptable efficient biotechno-
logical approach in metal remediation in a reversible manner
[14]. It includes a combination of other mechanisms such as
complexation, covalent binding, ion-exchange, micro-pre-
cipitation, electrostatic attraction and adsorption [15]. Dead
or living cells are used in this process to bind heavy metals
actively and passively or by combination of both [16,17].

Microorganisms used for biosorption mechanism
include bacteria, yeast, algae and fungi [13]. Recently more
attention is drawn towards the use of bacterial biomass for
heavy metal removal [18]. Bacterial endophytes are those
bacteria that can inhabit the inner parts of host plants with-
out causing disease. They can tolerate high concentration
of heavy metals due to hyperaccumulator activity of host
plants [19,20]. Various microbial species are used for heavy
metal sorption including Rhizopus arrhizus, Chlorella fusca,
Pseudomonas fluorescens, Saccharomyces cerevisiae and Bacillus
subtilis [12]. As the endophyte of hyperaccumulator can
grow in elevated level of heavy metals due to the hyper
accumulating ability of their host, so these endophytes are
considered to be novel biosorbents for heavy metals. Our
previous study suggested that endophytic Kocuria rhizophila
isolated from hyperaccumulator Oxalis corniculata, showed
good adsorption capacity as compared with other microor-
ganisms [8]. In the present study, endophytic Agrobacterium
tumefaciens isolated from a reported lead hyperaccumulator
plant Oxalis corniculata [21], was tested as a biosorbent for
the removal of Cr(IIT) and Pb(II).

The main objective of this study was to analyze the biore-
mediation activity of endophytic bacteria to absorb heavy
metals such as Cr(III) and Pb(II). Further, optimization of var-
ious parameters was also done i.e. pH, contact time and initial
metal ion concentration. Moreover, kinetics and isothermal
modeling of heavy metals by using endophytic A. tumefaciens
as biosorbent were also studied in detail. Moreover, the
bacterium was characterized by Fourier transform infrared
(FTIR) spectroscopy to determine the functional groups over
the cell surface.

2. Materials and methods

The research study was carried out at the Plant-microbe
Interactions Laboratory, Department of Plant Sciences,
Quaid-i-Azam University, Islamabad.

2.1. Isolation of endophyte

Samples of Oxalis corniculata were collected from the area of
Quaid-i-Azam University, Islamabad (33.7167° N, 73.0667° E).
Roots, stem and leaves were cut into small pieces for surface
sterilization. The plant parts (10 g) were dipped in 3% (v/v)
of H,O, for 4 min and rinsed two times with distilled water.
These were surface sterilized with 0.1% HgCl, for 5 min and
washed with sterile distilled water for 5-7 times. Plant parts
were dipped in 1 mL sterile distilled water and transferred to
test tubes having 5 mL Dobereiner Nitrogen (DN)-free semi-
solid media [22]. These test tubes were incubated for 7 d at
35°C + 2°C and later sub-cultured for bacterial purification
according to method described by Chaudhary et al. [23].

2.1.1. Microorganism and growth condition

A. tumefaciens 12b3, isolated from Oxalis corniculata, was
activated in Luria-Bertani (LB) medium (containing 5 g yeast
extract, 10 g tryptone, 10 g NaCl and 15 g agar per liter).
Medium was sterilized by autoclaving at 121°C for 20 min.
The strain was then grown in 100 ml liquid LB medium in a
250 ml conical flask and incubated at 150 rpm for 24 h.

2.1.2. Evaluation of heavy metals tolerance of Agrobacterium
tumefaciens 12b3

2.1.2.1. Preparation of stock solution Stock solutions
of 1,000 mg L* of metal salts (chromium (III) chloride
(CrCl.6H,0) and lead chloride (PbCl,)) were prepared in
double distilled water. From these stock solutions, further
concentrations of 10, 25, 50, 100, and 150 mg L were pre-
pared by dilution using double distilled water. These solu-
tions were kept at room temperature.

2.1.3. Biosorption experiments

2.1.3.1. Preparation of the strain Agrobacterium 12b3
Selected strain was grown on LB agar medium. For biomass
production, the bacterium was inoculated in 100 mL LB broth
(pH 6.8) in 250 ml conical flask and incubated in a shaker
incubator at 150 rpm at 35°C + 2°C. Cells were harvested after
24 h of incubation. The cells were then centrifuged in 50 ml



208

Falcon tubes at 4,000 rpm for 20 min at 4°C. Pellet obtained
was directly used for further experimentation.

2.1.3.2. Effect of pH Adsorption at different pH values in
the range of 2-10 were studied, by adjusting the initial pH
with 0.1 HNO, and 0.1 NaOH. After 1 h, samples were centri-
fuged at 4,000 rpm for 10 min. Supernatant was then analyzed
for residual metal concentration using Atomic Adsorption
Spectrophotometer (AAS-240FS Varian). The hollow cathode
lamp was operated at 5 mA for Cr and 7.5 mA for Pb. The
analytical wavelengths were set at 357.9 nm and 283.3 nm for
detection of Cr and Pb, respectively.

2.1.3.3. Effect of contact time Contact time effect was
examined using batch experiments at various time intervals
(0-120 min), at optimum pH and at fixed concentration (50
mg L) of each metal ion. The experiments were carried out
with a working volume of 250 mL. At pre-determined time
intervals, samples were withdrawn, centrifuged and ana-
lyzed using AAS.

2.1.3.4. Effect of initial metal concentration on sorption
study Effect of initial metal ion concentrations on biosorp-
tion mechanism, at constant pH and contact time, was deter-
mined. Five different initial metal concentrations (10, 25, 50,
100 and 150 mg L™) were used for both metals. For Cr(III) and
Pb(II) optimal pH was 4 and 6, respectively. All experiments
were carried out at constant temperature of 35°C + 2°C.

2.1.3.5. Surface characterization of adsorbent material via
FTIR Existence of functional groups on the surface of the
biosorbent was determined by using FTIR spectroscopy tech-
nique before and after metal loading. The infrared spectra
were studied in the range of 500-4,000 cm™ by using Bruker
Tensor 27 FTIR spectrometer.

2.1.3.6. Adsorption studies Adsorption studies of metal
ions were conducted in batch experiments to examine the
factors affecting adsorption and metal uptake ability of bio-
sorbent. Batch experiments were performed in Erlenmeyer
flasks placed in shaking incubator at 150 rpm, to determine
the optimum conditions such as pH, contact time and initial
metal concentration. All the experiments were done in tripli-
cate. Metal sorption efficiency for sorbent was measured by

Eq. (1).

c,-C
M

q,= txV 1)

where g, (mg g™') is the metal adsorbed, C, (mg L) is initial
concentration of metals before sorption, C, (mg L) is the
final concentration of metals after sorption, V' (L) is volume
of metal solution in the flask, M (g) is weight of biomass
used [24].
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3. Results and discussion
3.1. Isolation and characterization of A. tumefaciens

For current study, root stem and leaves of O. corniculata
were used to isolate the endophytic bacteria. Protein profile
of isolated 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 (Genbank No. KF875446). A. tumefaciens isolated from leaf
was screened for heavy metals tolerance and further used for
biosorption potential.

3.2. Verification of biosorption functional group by FTIR

FTIR spectra of native and metal loaded A. tumefaciens
12b3 in series of 500—4,000 cm™ were recorded for the verifi-
cation of functional groups that are involved in the biosorp-
tion of metal ions. FTIR spectra of A. tumefaciens 12b3 biomass
before and after metal loading are shown in Fig. 1(A)-
(C). The adsorption peak in the range of 3,400-3,200 cm™
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Fig. 1. (A) FT-IR spectrum of the A. tumefaciens 12b3 without
metal ions; (B) FTIR spectrum of A. tumefaciens after treatment
with Cr(Ill) ions indicating signs of metal adsorptions; (C) FTIR
spectrum of A. tumefaciens after treatment with Pb(II) ions indi-
cating signs of metal adsorptions.
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indicated O-H (hydroxyl) and N-H (amine) bands that
might be responsible for the metal binding by bacterial cells
[25]. The shifting of peak observed at 3,320.17-3,330.62 and
3,319.44 cm™ after Cr(Il) and Pb(II) biosorption, respectively,
was due to the activity of the O-H (hydroxyl) stretching and
N-H stretching of amine groups. The broad adsorption peak
at approximately 2,800-3,000 cm™ represented C-H stretching
of alkane in fatty acids in the cell membranes of bacteria [26].
At 2,944.71 cm™ there was C-H stretching and it shifted to
2,945.00 cm™ and 2,944.68 after Cr(III) and Pb(II) adsorption,
respectively. Similar results were reported in literature [27,28]
explain something similar or different. A peak observed
at 2,831.97 attributed to C-H was shifted to 2,832.27 and
2,831.92 cm™ after Cr(IlI) and Pb(II) biosorption, respectively.
Similar results were also observed by Bueno et al. [29], where
a peak at 2,854 was attributed to the C-H. Adsorption peak
at 1,654 cm™ indicated C=O group [10]. A peak was observed
at 1,655.93 cm™ in Pb(Il) indicated C=0O stretching of amide I
in protein group as also reported previously [27,29,30]. The
results described by Rusu et al. [31] confirmed that the peaks
observed in the 1,400-1,500 cm™ range belonged to fatty
acids. The adsorption peak at 1,411.6 cm™ can be assigned to
C-O symmetric stretching (carboxyl, amino acids, and fatty
acids) [27]. In the present study, the peak at 1,449.67 cm™,
indicated C-O stretching of carboxylic group and shifted to
1,449.89 and 1,449.82 cm™ after Cr(III) and Pb(II) biosorption,
respectively. The peaks located at 1,034 and 1,075 cm™ were
indicative of organic phosphate groups [25,30]. In the pres-
ent study peak at 1,023.18 cm™ represented P-O stretching
of phosphodiester in phospholipid that shifted to 1,022.96
and 1,023.14 cm™ after Cr(IIl) and Pb(II) biosorption, respec-
tively. According to previous studies, 500-700 cm™ range is
the fingerprint region that is specific for every bacterium and
is related to less well-known components of the cells [26]. In
the present study, the peak at 664.28 cm™ in the fingerprint
region is shifted to 666.20 and 667.26 cm™ after Cr(III) and
Pb(II) biosorption, respectively.

3.3. Effect of pH

pH is considered to be a major environmental factor
affecting adsorption mechanism. The significance of pH
was studied during removal of metals by A. tumefaciens
12b3. Bacterial cell wall has been reported containing dif-
ferent types of functional groups such as carboxylic group,
amino group, imidazole, organic acid and phosphate.
Change in pH not only affected chemistry of solution but
it also influenced the degree of ionization of the said func-
tional groups [32]. In general, maximum biosorption of
metal ions by microbial biomass takes place at pH 3.0-6.0
[33]. Likewise, highest adsorption of Cr(IIl) and Pb(II) was
obtained at pH 4 and 6, respectively (Fig. 2). Percentage
adsorption decreased when pH was further increased from
its optimum value. At higher pH (>7) metal hydroxide pre-
cipitation takes place causing complications in biosorption
process [34]. Atlow pH positive charges appear on the over-
all surface of the cells, which inhibited the attachment of
positively charged metal ions. The functional groups pres-
ent on bacterial cell wall attain more positive charge due to
high value of hydrogen ions [35]. Therefore, there may be a
competition among metal ions and protons for active sites

o5 | Acram
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Fig. 2. Effect of pH on the adsorption of Cr(Ill) and Pb(II) by A.

tumefaciens 12b3 (initial concentration of 50 mg L™ and A. tumefa-
ciens 12b3 dose of 0.5 g L™ at 35°C + 2°C).
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Fig. 3. Effect of contact time on adsorption of Cr(III) and Pb(II) by
A. tumefaciens 12b3 (initial concentration of metals 50 mg L™ and
dosage of A. tumefaciens 0.5 g L, at 35°C + 2°C).

resulting in lowering of adsorption capacity of metal ions
by bacteria [32,36].

3.4. Effect of contact time

Experiments were performed at different time intervals
ranging from 15-120 min. Results indicated that the amount
of Cr(IIT) and Pb(II) uptake were 1.22 and 1.85 (mg g™ after
60 min ). Further increase in time did not significantly raised
adsorption of metal ions (Fig. 3). Initially, rate of metal
removal through adsorption was high due to large number
of available active requisite sites on the outer wall of sorbent
for the adhesion of metals and after some time the adsorption
become constant [37,38]. Similar results were obtained previ-
ously using different sorbents [39-41].

3.5. Effect of initial metal concentration

Effect of different initial concentrations (10-150 mg L) of
Cr(III) and Pb(II) were used to check their adsorption kinetic
under optimum conditions of temperature (35°C + 2°C), dose
(0.5 g L), time (60 min) and pH (4 and 6). The adsorption
capacities (,) increased by (8-32mg g™') and (4-58 mg g™') with
increasing initial concentrations of Crand Pb by 10-150 mg L,
respectively (Fig. 4). This adsorption is basically supported
due to electrostatic interactions between metal ions and sur-
face sites of sorbent [42,29].

3.6. Adsorption isotherms

Adsorption isotherms explain distribution of molecules
between solid and liquid phases at equilibrium time. They
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Fig. 4. Effect of initial concentration (10, 25, 50, 100 and
150 mg L of Cr(Ill) and Pb(Il) on adsorption by A. tumefaciens
12b3 (A. tumefaciens 12b3 dosage of 0.5 g L™ at 35°C + 2°C).

provide some knowledge regarding surface properties,
adsorbent affinities and possible adsorption mechanisms.
Most accepted and widely used models are Langmuir and
Freundlich models.

3.6.1. Langmuir isotherm

Langmuir’s model of adsorption is based on the follow-
ing postulates:

e The adsorbent is structurally homogenous where all
adsorption sites are matching and energetically equal.

® Outer surface of adsorbent is covered by monolayer of
adsorbate at specific homogenous sites and intermolecu-
lar attraction reduces rapidly with distance. Once a metal
ion occupies a specific site, beyond that no additional
adsorption takes place at that position [24].

The Langmuir’s adsorption model provides the maxi-
mum adsorption capacity Q . Langmuir adsorption iso-
therm equation is represented by following formula:

i1 1 @)
qL’ Qmax Qmaxbce

where C, (mg L) is concentration of metal ion at equilib-
rium, g, (mg g™) is sorption capability over equilibrium posi-
tion, Q (mg g™) is the maximum adsorption ability and b
is adsorption energy constant at equilibrium (L mg™) which
quantitatively reflects the attraction between A. tumefaciens
12b3 and metal ions. Affinity between metal ions and adsor-
bent can be predicted using the Langmuir parameter b and
the dimensionless partition factor R, [43]. Experimental
results for Pb(II) and Cr(IIl) at various concentrations in the
range of 10-150 mgL" were best fitted to Langmuir isotherm
model. Graphs of 1/g, vs. 1/C, yielded straight lines for both
metal ions (Fig. 5) which demonstrated uniform adsorption.
Q,.» b and determination coefficient (R*) were calculated
from the graphs.

R, is dimensionless factor relating the efficacy of sorption
and is demonstrated by the following equation:

1

R =—r 3
" 1+bxC, ©)

| A& Cr() y=oo

m Pb(ll) v=

=)
i
v

1/q, (g/mg)

0.1 0.15 0.2 0.25

1/C, (L/mg)

Fig. 5. Langmuir adsorption model of Cr(IIl) and Pb(II) a onto
A. tumefaciens 12b3.
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Fig. 6. Freundlich adsorption model for Cr(IIT) and Pb(II) adsorp-
tion onto A. tumefaciens 12b3.

where C (mgL™) is the initial metal ion concentration and
b (mg L7) is Langmuir constant. R, indicates unfavorable
adsorption process when R, value is greater than 1, favorable if
R, value is in the range of 0-1, linear when R, value is equal to
1 and irreversible when R, value is equal to 0 [44]. R, value of
0.1111 for Cr(III) and 0.1186 for Pb(II) indicates a highly favor-
able adsorption of Cr(IIl) and Pb(II) onto A. tumefaciens 12b3.

3.6.2. Freundlich isotherm

Freundlich adsorption is empirical model which defines
adsorption intensity of the sorbent toward sorbate (metal
ions). The adsorption of metals from aqueous solutions is
quantified by Freundlich model [45]. The Freundlich adsorp-
tion isotherm is given by linearized equation.

logg, =logK, +1logCe 4)
n

where K, (mg g) is adsorption power and 7 is adsorption
strength, both are Freundlich constants which can be deter-
mined. Freundlich adsorption model gives information
about the relationship between the adsorption capacity
g, (mg g™) and metal concentration in solution C, (mg L).
Adsorption data of Pb(II) and Cr(Ill) concentration ranging
between 10-150 mg L™ were also fitted to Freundlich model.
Plots of log g, vs. log C, yielded straight lines for Pb(II) and
Cr(III) adsorption on A. tumefaciens 12b3 (Fig. 6). Freundlich
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Isotherm constants and coefficients of Langmuir and Freundlich models

Adsorbate Langmuir models Freundlich models
Qmux (mgg*T) b (mqu) RL RZ K[ (mggil) n R2 1/n
Cr(III) 238.00 0.005 0.1111 0.9887 1.23 1.022 0.9756 0.978
Pb(1I) 270.00 0.008 0.1186 0.9963 2.28 1.068 0.9818 0.936
Note: Q, == maximum metal adsorption capacity of adsorbent, b = adsorption energy constant, Kf = Freundlich binding constant,

n = adsorption intensity, R? = determination coefficient.

constant K, n and R? were evaluated from graphs. The capa-
ble adsorption practice results the Freundlich constant “n”
from 1 to 10. Greater value of “n” implies efficient contact
between biosorbent and metal ions.

The Langmuir model was most suitable against adsorp-
tion information (R? 0.9887 for Cr(Ill) and R? 0.9963 for
Pb(Il)) than Freundlich model (R? 0.9756 for Cr(Ill) and
R?, 0.9818 for Pb(Il)) in the range of concentration from 10
to 150 mg L (Table 1). Freundlich constant “n” is found to
be higher than 1, showing that the adsorption of Cr(IIl) and
Pb(II) onto A. tumefaciens 12b3 was also favorable. So, it is
concluded from the results that the Langmuir model best
suited to the adsorption data for Cr(Ill) and Pb(Il) as com-
pared with Freundlich as evident from correlation coefficient
values, suggesting monolayer coverage of Pb(Il) and Cr(III)
ions on the surface of A. tumefaciens 12b3. Also the Langmuir
dimensionless equilibrium parameter (R,) values of both
metal ions (Table 1) were greater than zero and less than 1
indicates highly favorable adsorption of Pb(Il) and Cr(III)
ions onto A. tumefaciens 12b3. In addition, the values of 1/n
is greater (close to unity) (Table 1), suggesting less heteroge-
neity for both metal ions. So, once again it is concluded from
the values of R, and 1/n that the Langmuir model showed
best applicability to the experimental data as compared with
Freundlich model.

3.7. Kinetics of adsorption

Kinetic study of adsorption is also an important parame-
ter that gives the information regarding the rates of chemical
processes and different factors which influence them. Such
studies predict the mechanism of adsorption and estimate
the adsorbent loading at equilibrium.

The pseudo-first-order equation is perhaps the most
primitive recognized illustration of rate of adsorption in the
liquid-phase systems. The assumption of pseudo-first-order
kinetic model is that metal ion binds on the surface of adsorbent
only to one sorption site [46]. For several adsorption processes,
the pseudo-first-order model is found appropriate just for the
early 20-30 min of contact and not applicable for the whole
range of contact time [47]. Therefore, this model does not fit to
our data as the range of time is more in present situation (graph
not shown). Following is pseudo-first-order rate Eq. (5).

In(q, —q,)=Ing, -kt )

The pseudo-second-order equation is considered as a
particular kind of Langmuir kinetics [47]. In this model, sur-
face adsorption involving chemisorption is considered as

wo A Cram y=or

| Pb(ll) v=0

t/qg (min. gmg?!)

t (min)

Fig. 7. Pseudo-second-order model for Cr(IIl) and Pb(II) adsorp-
tion onto A. tumefaciens 12b3 at 37°C, 0.5 g L™ dosage and pH 4
for Cr(III) and 6 for Pb(II).

the rate-limiting step [48], because metal ions make strong
covalent bonding to the exterior surface of adsorbent [47].
The pseudo-second-order model is dependent on the frac-
tional filling up of surface of adsorbent by adsorbate mole-
cules adsorbed at any time than on the amount of adsorbate
adsorbed at equilibrium. The adsorption sites existed deep
within the tiny pores so it might have become gradually diffi-
cult for the adsorbate particles to reach them as also reported
by Hubbe et al. [49]. Several studies have reported that most
acceptable model for metal sorption kinetics is pseudo-sec-
ond-order [50,51]. The pseudo-second-order kinetic equation
is given by the following equation [52]:

t_1.t (6)
q, kq. g,

where g, and g, (mg g) are the quantity of metal ions
adsorbed at time “#” (min) and at equilibrium and k (gm g
min™) is the pseudo-second-order rate constant.

The uptake of Cr(IIl) and Pb(II) by A. tumefaciens 12b3
relies on adsorption time so the kinetic study of adsorption
is vital factor. Using the pseudo-second-order equation, plot-
ting t/q, vs. t gave a straight line (Fig. 7). The values of k and g,
were calculated from the intercept and gradient of the graph,
respectively. The initial adsorption rate, 1 (mg g™ min™), was
calculated from the following equation:
h=kgq )

The value of k, q, h and determination co-efficient
R? of pseudo-second-order kinetics are listed in Table 2.
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Table 2
Pseudo-second-order for the adsorption of Cr(III) and Pb(II)

Adsorbate Pseudo-second-order Doorp
7. (Mg g") k (g mg™ min™) h (mg g™ min™) R (mg g™)

Cr(11I) 1.34 0.072 0.129 0.9911 1.22

Pb(II) 1.54 0.405 0.96 0.9772 1.86

Note: q,= adsorption capacity at equilibrium; k = pseudo-second order rate constant; 1 = initial adsorption rate; R* = correlation coefficient.

Table 3
Comparative adsorption capacity of A. fumefaciens with different
bacteria for Cr(IlI) and Pb(II)

Biosorbent Metal ~ Adsorption Reference
capacity
(mg g™
Thiobacillus ferrooxidans Cr(Ill) 82 [53]
Chlorella sorokiniana Cr(Ill)  56.56 [54]
Rhodococcus opacus Cr(Ill) 729 [29]
Fucus vesiculosos Cr(Ill) 62.91 [55]
Spirogyra spp. Cr(IIl)  30.21 [56]
Hylocomium splendens Cr(Illl) 421 [57]

Agrobacterium tumefaciens ~ Cr(Ill) 238 Present
study
Pseudomonas aeruginosa Pb(II) 75.9 [58]
Bacillus sp. Pb(II) 92.3 [59]
Streptomyces rimosus Pb(II) 160 [10]
Pseudomonas putida Pb(II) 270.4 [60]
Enterobactersp Pb(II) 50.5 [59, 61]
Bacillus firmus Pb(II) 467 [62]
Agrobacterium tumefaciens ~ Pb(Il) 270 Present
study

The correlation coefficient found to be 0.9911 and 0.9722 for
Cr(III) and Pb(II), respectively. The model is best fitted to
the data obtained by the experiment. g, values of Cr(IlI) and
Pb(II) obtained from pseudo-second-order kinetic model for
A. tumefaciens 12b3 were closer to the experimental g, values.
Biosorption mechanism of heavy metals was considered as
Pb(II) > Cr(III) with respect to their experimental g, values.

4. Comparison among different biosorbents

The efficacy of current method by using A. tumefaciens
as biosorbent was compared with other strains in terms of
the adsorption capability. The comparison (Table 3) showed
that A. tumefaciens 12b3 was the most efficient adsorbent
as compared with others for Cr(IIl) and Pb(II). Hence, the
A. tumefaciens 12b3 proved to be very effective in binding
Cr(II) and Pb(II) on its surface.

5. Conclusion

The present research demonstrated the effective role of
A. tumefaciens for the economical removal of Cr(III) and Pb(II)
from water and soil. Moreover, removal of these metals was

found related to different functional groups such as amine,
hydroxyl, phosphate and carboxyl of cell wall and membrane.
The adsorption of metal mostly supported under acidic pH
at 150 mg L™ and reached maximum in 1 h. Langmuir iso-
therm is better fitted on to equilibrium adsorption data than
to the Freundlich model. Pseudo-second-order model proved
to give the best fit to the kinetic data. Over all, the bacterium
A. tumefaciens has the ability to remove Cr(III) and Pb(II) up
to 134 mg L™ Cr(IIl) and 150 mgL™" Pb(Il) and make the pro-
cess efficient, economical and more useful in environmental
remediation.
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