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ABSTRACT
In the present study, the capability of dried indigenous biomass of Vibrio and
Oceanimonas, was assessed and compared for mercury biosorption from aqueous
solutions. It was found that both of the biosorbents reached equilibrium after 60 min
of contact although the mercury sorption capacity of Vibrio was significantly more.
Its sorption capacity increased from 9 to 83 mg/g biomass by increasing the initial
metal concentration from 10 to 100 mg/L although the efficiency decreased from 90
to 83%. The changes in the pH of the medium had a great impact on the Hg2+
adsorption capacities of the bio sorbents. The maximum mercury bio sorption
capacities were obtained under pH value of 6. The kinetic studies revealed that the
pseudo-second order model described Hg2+ biosorption than the pseudo-firs order, for
both of the bio sorbents better. The equilibrium isotherms showed that the Langmuir
model described the mercury bio sorption by dried Vibrio better whereas the
Freundlich was a dominant model for mercury bio sorption by Oceanimonas.
According to the Langmuir model, the maximum mercury sorption capacities were
achieved 193 and 113 mg/g biomass, respectively. Therefore, due to its high
efficiency and high availability, the use of Vibrio as mercury biosorbent was a good
alternative in mercury removal from water.

constructions (Green-Ruiz, 2006; Sinha et al.,
2012). Upon entering the body, it attacks the
neurons and causes a variety of neurological
and physiological disorders (Bayramoğlu and
Arıca, 2008). Therefore, finding a low-cost and
appropriate technology to eliminate or reduce
mercury concentration in environment has been
the main concern of humans for many years.
Nowadays, the use of microbial approaches
for heavy metal removal has received much
attention. The low-cost operation, eco-friendly
nature, and high efficiency especially at low

1

INTRODUCTION
The main portion of mercury pollutant in
environment is from anthropogenic activities
that include agriculture, battery production,
fossil fuel burning, mining, and metallurgical
processes (Green-Ruiz, 2006; Joo et al., 2010).
In 2000, about 2190 tons of mercury was
discharged into the environment as a result of
these activities (Sinha et al., 2012). This
element, which has been known as the most
toxic heavy metals, can readily enter to live
cell, accumulates in it, and disturbs its
* Corresponding author: sajafari.pgrsc@yahoo.com
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metal concentrations make this a promising
process. Unlike the traditional physicochemical techniques
including chemical
precipitation, ion-exchange resins, reverse
osmosis, electro-chemical treatments, and
evaporation are expensive and less efficient at
low metal concentrations, and produce
hazardous by-products (Joo et al., 2010; Sinha
et al., 2012; Huang et al., 2013). The microbial
techniques are divided into two main parts: The
first is called bioremediation which uses
metabolically active cells and the second is
called biosorption which uses dead or
inactivated cells. Dead cells have priority over
living cells because there is no need to
nutrition,
easy
metal
desorption
and
contamination control is not required (Rezaee et
al., 2006; Das et al., 2008; Plaza et al., 2011).
Bacteria, algae, fungi, and yeasts constitute
a wide range of biosorbents with different
adsorption capacities. These capacities depend
on the cell wall structure and the affinity of
surface ligands to specific metal ions. The
detailed mechanisms of biosorption process
have not been thoroughly studied due to the
great variety of the biosorbents as well as
complexity of the cell wall structure (Joo et al.,
2010; Mo and Lian, 2011). Different
parameters such as tendency toward the metal
ions, the maximum sorption capacity, as well as
the rate of the metal sorption on the surface of
the biosorbents are the major criteria for
comparing and choosing the best type of
biosorbents for specific purposes. Using the
equilibrium isotherms and kinetic studies are
common for the calculation of these parameters.
However, many factors including type of the
metal
ion,
cell
wall components of
microorganisms, pH
of
the
solution,
temperature, ion strength, contact time, and the
metal ion concentrations can influence the
process efficiency and the quality of the
biosorption (Joo et al., 2010).
Many researchers around the world have

focused to study different aspects of heavy
metal biosorption processes. In this regard, Ho
et al. (2002) investigated removing heavy metal
ions, such as Zn(II), Cu(II) and Pb(II) from
aqueous solutions
using tree fern. The
temperature of the solution and the size of the
particles were considered as the variables. The
experimental results were fitted to the
Langmuir, Freundlich and Redlich-Peterson
isotherms to obtain the characteristic
parameters of each model. Kacar et al. (2002)
compared biosorptive capacities of alginate and
immobilized live and heat inactivated
Phanerochaete chrysosporium for the removal
of Hg(II) and Cd(II) ions from aqueous
solution. The effects of initial metal
concentration, the contact time, temperature,
and the pH of the medium were studied on the
metal removal process. Joo et al. (2010) also
compared the sorption capacities of two
bacterial strains of Pseudomonas aeruginosa
and Bacillus cereus for Zn (II) removal from
aqueous solution. They assessed the effects of
solution pH, metal ion concentrations, and the
contact time between the biosorbent and the
solution followed by studying the kinetic and
equilibrium isotherms. In other literature, the
common equilibrium isotherms were studied in
order to calculate the maximum cadmium
sorption capacities of dried and live biomass of
Bacillus cereus. In addition, the biosorption
characteristics were investigated as a function
of initial pH, contact time, and initial cadmium
concentration (Huang et al., 2013).
In the present study, the mercury
biosorption process by dried indigenous
bacterial strains of Vibrio and Oceanimonas,
which were previously isolated by the present
researchers from the contaminated sediments of
Bushehr coast, is studied. Some experiments
are performed in order to achieve the optimum
conditions including the contact time and the
initial pH of the solution. In addition, the
kinetic and equilibrium parameters of the bio
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Jafari and Cheraghi / Environmental Studies of Persian Gulf 1(2) (2014) 102-116

sorbents are calculated by using the pseudo-first
and pseudo-second order kinetic models as well
as the Langmuir and Freundlich equilibrium
isotherms, respectively. Finally, the most
efficient biosorbent for use in mercury
biosorption operations in aqueous solutions is
introduced.
2 MATERIALS AND METHODS
2.1 Chemicals
All chemicals used throughout this study
were of analytical grade and purchased from
Merck Company. Solutions were prepared by
double-distilled water. All glassware was
soaked in 10% nitric acid and rinsed several
times with distilled water prior to the
experiments to avoid the metal contamination.
The pH of the solutions was adjusted using 1 M
NaOH or 1 M HCl.
2.2 Preparation of biosorbent
In previous study, mercury-resistant strains
were isolated from Bushehr (Iran) coastal
sediments and maintained on Tryptic Soy Agar
(TSA) plates at 4 C (Jafari et al., 2013). Two
of them, Vibrio parahaemolyticus PG02 and
Oceanimonas baumannii PG03 (Gen Bank
accession number KC990033 and KF017584
respectively), were chosen for biosorption
experiments in the form of dried biomass. They
were cultured individually into a 500 ml
Erlenmeyer flask containing 200 ml Tryptic
Soy Broth (TSB) medium and 2.5% NaCl. The
seed culture was placed in a conventional
shaker incubator for 8 hr at 160 rpm and 35 °C.
Initial pH measured was7.2. It was then
transferred to a 10 L bioreactor (Electrolab,
ferMac 360) containing four liters of TSB
culture medium (5% inoculation) followed by
stirring at 160 rpm and constant temperature of
35 °C. The pH was kept constant at 7.0 within
the incubation period. The cells were then
harvested by centrifugation (4000 rpm for 30
min at room temperature) after 48 hr of

incubation during the stationary phase of
growth. The precipitated biomass was then
rinsed twice with double distilled water and
dried in a conventional oven at 60 °C for 10 hr
(Wang et al., 2010).
2.3 Batch biosorption experiments
The batch experiments were conducted in
250 ml Erlenmeyer flasks containing 100 ml
Hg2+ solution. 0.1 g biomass was considered to
be added to 100 ml metal solutions with
different mercury concentrations (10, 40, and
100 mg/l). The initial pH of the solutions was
adjusted to 6 and placed in a shaker incubator
under 160 rpm and 35 °C. Sampling was done
in specific time intervals up to 120 min of
contact. The effect of initial pH of the solution
was studied with 10 mg/l Hg2+ solution under
different initial pH (in the range of 3 to 7).
These experiments were also conducted under
160 rpm and 35 °C; however, sampling was
done after 60 min of contact. A series of control
runs including the metal solution without the
biosorbent were conducted simultaneously with
the main runs under the same conditions. All of
the samples were centrifuged (5000 rpm for 30
min) immediately after the sampling followed
by dilution in sufficient amount of doubledistilled water in order to analyze the residual
mercury concentration in supernatant with
flameless
Atomic
Absorption
Spectrophotometer (PG instruments, AA500,
England). All set of adsorption experiments
performed in duplicate and confidence intervals
of 95% were calculated for each set of the
samples. The biomass sorption capacity, (mg/
g), as well as removal percentage (% ) were
calculated using Equations (1) and (2),
respectively as follows:
−
.
(1)
=

%
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Where and
are the initial and residual
mercury concentrations (mg/l) respectively, is
the solution volume (l) and
is the dry weight
of the biomass (g).
2.4 Kinetic
studies
and
equilibrium
isotherms
The kinetic of adsorption provides the rate
of sorption of metal ions onto the surface of the
biosorbent (El-Sikaily et al., 2007; Esmaeili et
al., 2012). There are two kinetic models namely
pseudo-first order and pseudo-second order,
which are more common in literature. In the
present study, the mentioned models were
evaluated for both of the Vibrio and
Oceanimonas separately under three different
mercury concentrations of 10, 40 and 100 mg/l.
The experimental data were fitted by linear
form of the models. They are expressed as
Equations
(3)
and
(4),
respectively
(Bayramoğlu and Arıca, 2008).
(
=

−
1

)=
+

1

−

2.303

(3)
(4)

Where
and
are the amounts of Hg2+
adsorbed at time
(min) and equilibrium
(mg/g), respectively, and
is the rate constant
of pseudo-first order adsorption process
(1/min). The values of , and
are
determined from the slope and intercept of the
plot of
( − ) against respectively.
is the equilibrium rate constant of pseudosecond order biosorption (g/mg.min). Values of
and
are calculated from the plot of ⁄
against . The term
in equation 4, is
known as the initial rate of biosorption,
(mg/g.min).
The equilibrium isotherm study is of
particular importance because it represents the
interactions between the biosorbents and
adsorbed metal ions and also is very useful to

compare the efficiency and sorption capacity of
several biosorbents (El-Sikaily et al., 2007).
These equilibrium experiments were conducted
under a vast range of mercury concentrations
(10 to 350 mg/l) by keeping constant the pH of
the solution during the experiment at optimum
value. Two known models of Langmuir
(monolayer sorption on a homogeneous
surface) and Freundlich (heterogeneous
distribution of active sites) were evaluated to
describe the equilibrium sorption data. The
linear form of the Langmuir model is given by
Equation (5) as follows (Ho et al., 2002):
=

1

+

(5)

Where
is the equilibrium concentration
(mg/l),
is the maximum metal uptake
(mg/g) to form a complete monolayer on the
surface and
is the Langmuir equilibrium
constant (l/mg) that represents the affinity
between the sorbent and sorbate. High values
are reflected in the steep initial slope of a
sorption isotherm (Gialamouidis et al., 2010).
The
and can be determined by plotting
⁄ versus . An efficient biosorbent can be
judged according to high values of
and
(Gialamouidis et al., 2010).
The main characteristics of Langmuir
isotherm is expressed by separation factor, ,
as was given in Equation (6).
=

1
1+

(6)

Where
and
are initial metal
concentration
and
Langmuir
constant,
respectively. The value of
> 1 shows an
unfavorable
sorption,
=1
a
linear
sorption, 0 <
< 1 a favorable sorption and
= 0 indicates an irreversible sorption
(Huang et al., 2013; Ho et al., 2002).
The linear form of the Freundlich model is
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Fig. 1. Effect of contact time and initial Hg2+ concentrations of 10 (♦), 40 (), and 100 (▲) mg/l on mercury
adsorption capacity by Vibrio biomass. 160 rpm, 1 g/l biosorbent, initial pH of the medium 6, temperature 35 °C.

given as Equation (7).
=

+

1

(7)

Where
(mg/g) and are the Freundlich
constant and Freundlich exponent, respectively.
The
value is an indicator of the biosorption
capacity and 1⁄ represents the surface
heterogeneity and are calculated from the
intercept and slope of a plot of
versus
, respectively (Li et al., 2010).
3 RESULT AND DISCUSSION
3.1 Effect of contact time and initial Hg2+
concentration on biosorption capacities
Figs 1 and 2 show the mercury biosorption
by Vibrio and Oceanimonas biosorbents,
respectively during 120 min contact with 10, 40
and 100 mg/l Hg2+ solutions at 35 °C and initial
pH of 6. The biomass concentration of 1 g/l
was considered as the optimum value.
Increasing its dosage increased the removal
percentage while decreased the sorption
capacity (Unpublished date). As can been seen
in Figs 1 and 2, around 50% of mercury
adsorption occurred rapidly during the first 10
min of contact under different initial metal
concentrations. This rapid mercury adsorption
during this time was due to the high initial
driving force which was established between

the vacant sites on the surface of the
biosorbents and high initial metal concentration
in the solution. The increase in the biosorption
capacities by increasing the initial metal
concentration also refers to the increasing initial
driving force.
Although the
mercury
biosorption significantly increased up to thenext
10 min of contact, its rate decreased gradually
up to 60 min of contact. No change was
observed in mercury concentration in the
solution after this time which is known as the
equilibrium time. So, the equilibrium time of 60
min was considered for the following
experiments. Other literature also achieved the
equilibrium time of 60 min for biosorption of
Hg2+ by dried Bacillus and Lentinus edodes
(Green-Ruiz, 2006; Bayramoğlu and Arıca,
2008). The final depletion in the rate of
biosorption after the initial 20 min of contact
was due to the occupation of vacant sites and
increasing the repulsive forces between Hg2+
ions on the surface of the biosorbent (Ertugay
and Bayhan, 2010; Joo et al., 2010; Tunali Akar
et al., 2012). Vibrio cells adsorbed 9.09, 35.32
and 83.79 mg Hg2+/g dried biomass at initial
Hg2+ concentrations of 10, 40 and 100 mg/l
respectively after 120 min of contact (Fig. 1).
The corresponding values for the other
biosorbent, Oceanimonas, were achieved 8.08,
24.88, and 43.2 mg/g dried biomass (Fig. 2).
106
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Fig. 2. Effect of contact time and initial Hg2+ concentrations of 10 (♦), 40 (), and 100 (▲) mg/l on mercury
adsorption capacity by Oceanimonas biomass. 160 rpm, 1 g/l biosorbent, initial pH of the medium 6,
temperature 35 °C.

This suggests a better mercury adsorption
capacity for Vibrio than the Oceanimonas
biomass.
The removal percentages reduced by
increasing the initial metal concentration. By
increasing the initial metal concentration from
10 to 100 mg/l, it decreased from 91 to 84%
and 80 to 43% for Vibrio and Oceanimonas
biosorbents, respectively. The same trend of
decrease in removal percentage by increasing
initial mercury concentration was observed by
Green-Ruiz (2006). In addition, a slight
depletion in mercury concentration was
observed in control runs (below 1%), which
contained only the metal solution, during 120
min of contact time. It means that one percent
of initial mercury concentration was not
adsorbed by the biosorbents. It was considered
negligible and can be due to the adsorptive
effect of surface of the glassware. Stas’ et al.
(2004) previously proved that heavy metal ions
could be adsorbed by different rates on the
surface of glassware depending on the type of
glass used. Sinha and Khare (2012) also
observed almost 13% reduction in mercury

concentration during 144 hr contact between
mercury solution, without bacteria, and glass
container.
3.2 Effect of initial pH on biosorption
capacities
The pH of the medium is one of the most
important parameters which significantly
affects the biosorption process (Ertugay and
Bayhan, 2010). In general, the influence of pH
on the biosorption process is closely related to
the ionic states of functional groups on the cell
wall as well as to the metal speciation in
solution (Lacher and Smith, 2002; Herrero et
al., 2005). In order to study this effect, the
initial pH of the medium was adjusted in the
range of 3 to 7 under 10 mg/l mercury
concentration and 35 °C. Fig. 3 shows the
results of changes in initial pH of the solution
on the sorption capacities for both of the
studied biosorbents. It clearly indicates that
increasing the initial pH of the solution
significantly increases the metal sorption
capacity.
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Fig. 3. Effect of initial pH of the medium on mercury adsorption capacity by Vibrio (♦) and Oceanimonas ()
biomass.160 rpm, 1 g/l biosorbent, 10 mg/l Hg2+, temperature 35°C.

It is presumably due to the high concentration
of H+ ions in the solution at low pH values.
This makes a severe competition between H+
and Hg2+ ions for adsorption on the surface of
the biosorbents. This effect is reduced by
increasing
the
pH
of
the
medium
(Khoramzadeh et al., 2012). Probably, the
specific surface ligands which contributed in
the sorption of Hg+2 ions are destroyed under
acidic medium, as Lacher and Smith (2002)
also proposed. However, increasing the pH
more than 6 leads to a decrease in sorption
capacities for both of the biosorbents (Fig. 3). It
is possible that the formation of metal
hydroxides, which is negatively charged,
reduced the sorption capacities of metal ions
onto the surface of the cells (Kacar et al., 2002;
Green-Ruiz, 2006; Joo et al., 2010). Indeed, the
concentration of OH- ions in the medium
increases at pH values higher than optimum
which makes a strong complex with metal ions
as the following equation:
(

)

⎯⎯

(

)

⎯⎯

(

)

(

)

⎯⎯

(

)

(

)

⎯⎯

(

)

On the other hand, as described above, the
metal speciation in the solution severely affects
the metal adsorption process. As Herrero et al.
(2005) showed, the dominant mercury species

in the solution at pH values less than 6 is
soluble Hg2+ ions which are easily adsorbed by
the biosorbents while the dominant species at
higher pH values are hydroxide complexes,
which are less willing to be attracted by the
biosorbent. The control runs, including only the
metal solution, also demonstrated a reduction in
mercury concentrations at high pH values while
this was not observed at lower pH values. This
can be due to the complex formation which
appeared as turbidity or haze in the solution.
Therefore, further experiments were performed
under optimum pH value of 6.
The optimum value for pH is based on the
type of metal ions and biosorbent. Other
literature also found the same peak in the
graphs for metal biosorption capacities versus
different initial pH values (Kacar et al., 2002;
Ertugay and Bayhan, 2010). In the case of
mercury, several literature achieved the same
optimum value for pH, 6 (Bayramoğlu and
Arıca, 2008; Cain et al., 2008; Plaza et al.,
2011). However, some literature achieved a
value between 4 to 6 (Kacar et al., 2002; GreenRuiz, 2006; Khoramzadeh et al., 2012; Sinha et
al., 2012).
3.3 Kinetic studies
Two common kinetic models of pseudo108
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first and pseudo-second order were considered
to study mercury biosorption by Vibrio and
Oceanimonas biomass under three different
mercury concentrations of 10, 40 and 100 mg/l.
The correlation coefficient value ( ), which is
obtained by data linearization, determines the
predominant model. Table 1 has listed the
obtained kinetic parameters along with the
values at different metal concentrations. As
previously mentioned, sampling was done after
60 min of contact.
As can be seen from Table 1, the calculated
values for the pseudo-second order model
are more satisfactory than the pseudo-first order
model for both of the biosorbents. They are so
close to 1. Also, the predicted values of
mercury biosorption capacity for pseudosecond order model, ,
, are closer to
experimental ones, , , while this is not valid
for the pseudo-first order model capacity
values. As it has been discussed by Sinha et al.
(2012), if the obtained value for ,
is not
compatible with , , even if the
value be
so close to 1, the considered kinetic model is
not appropriate for the description of the
experimental data. So, the proper model in this
study is the pseudo-second order model.
Gupta and Rastogi (2008) investigated the
kinetic behavior of biosorption of cadmium
ions onto Oedogonium. They found that the
pseudo-second-order model best described the

biosorption process. Many other researchers
found similar findings in their works. For
example, Cruz et al. (2004) for cadmium
biosorption onto Sargassum, Ofomaja and Ho
(2007) for cadmium onto coconut copra meal,
Ofomaja (2010) for Lead onto mansonia wood
sawdust, Joo et al. (2010) for Zn2+ by
Pseudomonas aeruginosa and Bacillus cereus,
Li et al. (2010) for Zn2+onto live and dead cells
of Streptomyces ciscaucasicus., Gialamouidis et
al. (2010) for Mn2+ onto Pseudomonas sp and
Staphylococcus xylosus.
Good fitting of the experimental data by
the pseudo-second order model for Vibrio and
Oceanimonas biosorbents is shown in Figs 4
and 5 during 60 min of contact, respectively.
Lesmana et al. (2009) have cited that if the
experimental data follow the pseudo-second
order kinetic model, the rate of limiting step in
metal biosorption process is chemisorption. So,
it can be concluded that the predominant
mercury biosorption mechanism in this study
by Vibrio and Oceanimonas can be
chemisorption e.g. ion-exchange or complex
formation. As it is clear in Table 1, the rate
constants of pseudo-second order model,
,
decreased
by
increasing
initial
Hg2+
concentration. However, the initial adsorption
rate, ℎ, increased. It means that the increase in
initial metal concentration leads to increasing
the initial driving force where more ions take

Table 1
The pseudo-first order and pseudo-second order kinetic parameters for Hg2+ biosorption by Vibrio and
Oceanimonas biosorbents at pH value of 6.
pseudo-first order
(mg/l)
10
40
100
10
40
100

Biosorbent

Vibrio

Oceanimonas

,

(mg/g)
9.09
35.32
83.79
8.08
24.88
43.20

,

(1/min)
0.061
0.049
0.053
0.049
0.048
0.057

(mg/g)
4.84
17.28
44
6.22
16.93
27.65

0.917
0.834
0.839
0.978
0.959
0.938

109

(g/mg.min)
0.027
0.007
0.002
0.011
0.006
0.003

pseudo-second order
ℎ
,
(mg/g.min)
(mg/g)
9.55
2.41
36.28
9.28
87.99
18.79
8.98
0.92
26.37
3.83
46.59
7.64

0.999
0.998
0.997
0.999
0.999
0.999
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Fig. 4. The pseudo-second order kinetic model for Hg2+ biosorption by Vibrio at mercury concentrations of 10
(♦), 40 (), and 100 (▲) mg/l. 160 rpm, 1 g/l bio sorbent, pH of 6, temperature 35 °C.

rush on the surface of the biosorbents at the
same time period. But the possibility of
collision of metal ions will be greater at high
metal concentrations which reduces the rate of
ion diffusion toward the surface of the
biosorbent (Kumar and Kirthika, 2009). On the
other hand, as previously discussed, the
repulsive force between metal ions on the
surface of the biosorbent is more at higher
metal concentrations which reduces the rate of
metal biosorption on the surface of the cells.

Other literature have also reported the same
findings (El-Sikaily et al., 2007; Kumar and
Kirthika, 2009; Ofomaja, 2010).
3.4 Equilibrium isotherms
The equilibrium isotherms are applicable
for the calculation of the maximum adsorption
capacity of biosorbents, the biosorbent affinity
to specific metal ions as well as comparing the
efficiency
of
several
biosorbents.

Fig. 5. The pseudo-second order kinetic model for Hg2+biosorption by Oceanimonas at mercury concentrations
of 10 (♦), 40 (), and 100 (▲)mg/l. 160 rpm, 1 g/l bio sorbent, pH of 6, temperature 35 °C.
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Table 2
The Langmuir and Freundlich equilibrium parameters for Hg2+ biosorption by Vibrio and Oceanimonas.
Langmuir model
Freundlich model
Biosorbent
2
a
R
R2
(mg/g)
(l/mg)
(mg/g) (l/mg)1/n
Vibrio
193
0.054
0.997
0.05
12.86
1.78
0.949
Oceanimonas
113
0.015
0.953
0.15
5.07
1.87
0.998
a

is the minimum value of

at the maximum mercury concentration.

For this purpose, the Langmuir and Freundlich
isotherm models were linearized according to
equations 5 and 7 to describe the experimental
equilibrium biosorption of Hg2+ by Vibrio and
Oceanimonas biomass. The temperature and pH
of the medium were controlled constant at 35
°C and 6 respectively during these set of
experiments. The pH adjustment seems to be
necessary during these experiments. Because in
this case, the pH of the medium decreased by
itself during the metal adsorption experiment. It
was presumably due to the ion-exchange
phenomenon which led to release of H+ ions in
the medium. This was also proved by Ho
(2005). Table 2 shows the obtained equilibrium
parameters which were evaluated in the range
of 10 to 350 mg/l mercury concentration. The
values show the power of corresponding
model for describing the experimental data.
As can be seen in Table 2 and Figs 6 and 7,
both of the models described the experimental
data with a reasonable precision for both of the
biosorbents. The minimum
value was
achieved 0.949. However the mercury
biosorption by Vibrio was better described by
the Langmuir model ( = 0.997) than the
Freundlich. This shows a homogenous and
monolayer adsorption of Hg2+ ions onto the
surface of the biosorbents. However, the
mercury biosorption by Oceanimonas cells was
better described by the other model, Freundlich
( = 0.998), which suggests a heterogeneous
biosorption (Table 2). The predominant
isotherm model was also determined as
Langmuir for heavy metal biosorption by

activated carbon derived from fertilizer waste,
Oedogonium,
Sargassum,
alginate
and
immobilized live and heat inactivated
Phanerochaete chrysosporium, dead cells of
Streptomyces ciscaucasicus, Pseudomonas and
Blakeslea trispora strains (Mohan et al., 2001;
Kacar et al., 2002; Cruzet al., 2004; Gupta and
Rastogi, 2008; Li et al., 2010; Gialamouidis et
al., 2010). It seems that this isotherm model is
more convenient in metal biosorption process.
According to the Langmuir model, the
predicted values achieved for maximum
biosorption capacities
of
Vibrio
and
Oceanimonas cells,
, were 193 and 113
mg Hg2+/g dried biomass respectively under the
defined
environmental
conditions.
This
suggests the Vibrio biomass as a more efficient
biosorbent than the Oceanimonas for Hg2+
removal from aqueous solutions.

Fig. 6. The Langmuir isotherm model for
Hg2+biosorption by Vibrio (♦) and Oceanimonas ()
biosorbents. 60 min contact with mercury solution at
concentrations of 10 to 350 mg/l, under constant
temperature of 35 °C and pH of 6.
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Fig. 7. The Freundlich isotherm model for Hg2+biosorption by Vibrio (♦)and Oceanimonas () bio sorbents. 60
min contact with mercury solution at concentrations of 10 to 350 mg/l, under constant temperature of 35 °C and
pH of 6.

The parameter
in the Freundlich model
should give the value between 1 and 10. A
bigger value shows a stronger interaction
between metal ions and ligands on the surface
of the biosorbents (Li et al., 2010). The value of
=1.87 was achieved for biosorption of Hg2+ by
Oceanimonas (Table 2). A list of several types
of biosorbents, which have been used for Hg2+
biosorption from aqueous solutions, is

presented in Table 3 in order to compare their
equilibrium isotherm parameters. According to
this Table, the obtained value of
for
Oceanimonas is greater than the others. This
indicates that there is a stronger interaction
between metal ions and ligands on the surface
of the biosorbents. The Freundlich biosorption
capacity, , was given the third place for this
strain among the other biosorbents (Table 3).

Table 3
The comparison of Langmuir and Freundlich parameters for Hg2+ biosorption by several biosorbents.
Langmuir parameters
Freundlich parameters
biosorbent
Reference
(l/mg)
(mg/g)
(mg/g) (l/mg)1/n
This study
Vibrio
193
0.054
Oceanimonas
5.07
1.87
This study
walnut shell activated carbon 151.5
0.009
Zabihi et al., 2010
Bayramoğlu and Arıca, 2008
Native Lentinus edodes
358.1
0.077
Inactive Lentinus edodes
419.1
0.145
Bayramoğlu and Arıca, 2008
Sugarcane Bagasse
5.77
0.55
Khoramzadeh et al., 2012
sewage sludge activated
10.1
1.04
Zhang et al., 2005
carbons
Ulva lactuca
149.25
0.788
Zeroual et al., 2003
Sargassum glaucescens
0.77
1.10
Esmaeili et al., 2012
Green-Ruiz, 2006
Bacillus sp.
3.15
1.51
Bacillus cereus
104.1
0.171
Sinha et al., 2012
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Fig. 8. Change in

parameter by different initial Hg2+concentrations for Vibrio biosorbent.

The Langmuir constant, , fordried Vibrio
cells is less than the rest of the biosorbents
except the walnut shell activated carbon. This
indicates a lower affinity for the biosorbent to
mercury ions. So, it is expected that its initial
slope of the isotherm be less than the other
biosorbents in Table 3 (Gialamouidis et al.,
2010). Its maximum adsorption capacity is a
high value and is given the third place in Table
3 that suggests a potent biosorbent for mercury
removal from aqueous solutions.
The
value is changed by initial metal
concentration according to Equation 6. The
obtained values for this parameter were in the
range of 0.05 to 0.6 for Vibrio biosorbent
(which was better described by the Langmuir
isotherm) and this implies a favorable
biosorption process (Fig. 8). Other researchers
as Ho et al. (2002) and Tunali Akar et al.
(2012) observed the same trend of Fig. 8. So,
the dried biomass of Vibrio shows a good
potential for mercury removal from aqueous
solutions especially at concentrations below
100 mg/l (with more than 80% efficiency).
Since it is an indigenous strain and easy to
culture, it can be considered as an available and
valuable biosorbent for mercury biosorption
from aqueous solutions.

4

CONCLUSION
In this study, the mercury biosorption
capacity for two indigenous strains of Vibrio
and Oceanimonas in the form of dried biomass
was evaluated and compared. A series of batch
experiments by both biosorbents show that
about 50% of initial metal was rapidly adsorbed
during the first 10 min of contact followed by
gradual decrease to reach the equilibrium after
about 60 min of contact and no mercury
removal occurred after this time. Increasing
initial metal concentration from10 to 100 mg/l
increased the metal biosorption but did not
affect the equilibrium time. However, the
removal percentage decreased from 91 to 84%
and 80 to 43% for Vibrio and Oceanimonas
biosorbents, respectively. Increasing the initial
pH of the solution up to 6 increased the
mercury biosorption while the higher values
had a reverse impact. The maximum mercury
biosorption by these biosorbents occurred at pH
value of 6. Kinetic studies under different Hg2+
concentrations revealed that the pseudo-second
order model was more successful to describe
the experimental biosorption data than the
pseudo-first order model for both the
biosorbents. This can imply the presence of a
chemisorption mechanism on the surface of the
biosorbents. Evaluation of two common
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isotherm models, Langmuir and Freundlich,
shows that metal biosorption by Vibrio biomass
was better described by the Langmuir model
that implies a monolayer sorption on a
homogeneous surface. While the mercury
biosorption by Oceanimonas biomass was a
heterogeneous biosorption and follows the
Freundlich models. The maximum mercury
biosorption capacities according to the
Langmuir model were achieved 193 and 113
mg Hg2+/g dried biomass for the Vibrio and
Oceanimonas, respectively. So, dried biomass
of Vibrio can be used as a good biosorbent for
mercury removal from aqueous solutions due to
its availability, indigenous strain, easy to
culture, and high efficiency especially at low
mercury concentrations.

REFERENCES
Bayramoğlu, G., & Arıca, M. Y. (2008).
Removal of heavy mercury (II), cadmium
(II) and zinc (II) metal ions by live and
heat inactivated Lentinusedodes pellets.
Chemical Engineering Journal, 143 (1),
133-140.
Cain, A., Vannela, R., & Woo, L. K.
(2008). Cyanobacteria as a biosorbent for
mercuric ion. Bioresource technology, 99
(14), 6578-6586.
Cruz, C. C., da Costa, A. C. A., Henriques,
C. A., & Luna, A. S. (2004). Kinetic
modeling and equilibrium studies during
cadmium biosorption by dead Sargassum
sp. biomass. Bioresource Technology,
91(3), 249-257.
Das, N., Vimala, R., & Karthika, P. (2008).
Biosorption of heavy metals- An
overview.
Indian
Journal
of
Biotechnology, 7, 159–169.
El-Sikaily, A., Nemr, A. E., Khaled, A., &
Abdelwehab, O. (2007). Removal of
toxic chromium from wastewater using

green alga Ulvalactuca and its activated
carbon. Journal of Hazardous Materials,
148 (1), 216-228.
Ertugay, N., & Bayhan, Y. K. (2010). The
removal of copper (II) ion by using
mushroom biomass (Agaricus bisporus)
and kinetic modelling. Desalination, 255
(1), 137-142.
Esmaeili, A., Saremnia, B., & Kalantari, M.
(2012). Removal of mercury (II) from
aqueous solutions by biosorption on the
biomass of Sargassum glaucescens and
Gracilaria corticata. Arabian Journal of
Chemistry, in press.
Gialamouidis, D., Mitrakas, M., &
Liakopoulou-Kyriakides, M. (2010).
Equilibrium, thermodynamic and kinetic
studies on biosorption of Mn (II) from
aqueous solution by Pseudomonas sp.,
Staphylococcus xylosus and Blakeslea
trispora cells. Journal of Hazardous
Materials, 182 (1), 672-680.
Green-Ruiz, C. (2006). Mercury (II)
removal from aqueous solutions by
nonviable Bacillus sp. from a tropical
estuary. Bioresource technology, 97 (15),
1907-1911.
Gupta, V. K., & Rastogi, A. (2008).
Equilibrium and kinetic modelling of
cadmium (II) biosorption by nonliving
algal biomass Oedogonium sp. from
aqueous phase. Journal of Hazardous
Materials, 153, 759-766.
Herrero, R., Lodeiro, P., Rey-Castro, C.,
Vilariño, T., & Sastre de Vicente, M. E.
(2005). Removal of inorganic mercury
from aqueous solutions by biomass of the
marine macroalga Cystoseira baccata.
Water research, 39, 3199-3210.
Ho, Y. S. (2005). Effect of pH on lead
114

Jafari and Cheraghi / Environmental Studies of Persian Gulf 1(2) (2014) 102-116

removal from water using tree fern as the
sorbent. Bioresource Technology, 96,
1292-1296.
Ho, Y. S., Huang, C. T., & Huang, H. W.
(2002). Equilibrium sorption isotherm for
metal ions on tree fern. Process
Biochemistry, 37 (12), 1421-1430.
Huang, F., Dang, Z., Guo, C. L., Lu, G. N.,
Gu, R. R., Liu, H. J., & Zhang, H.,
(2013). Biosorption of Cd (II) by live and
dead cells of Bacillus cereus RC-1
isolated from cadmium-contaminated
soil. Colloids and Surfaces B:
Biointerfaces, 107, 11-18.
Jafari, S. A., Cheraghi, S., Mirbakhsh, M.,
Mirza, R., & Maryamabadi, A, (2013).
Employing
Response
Surface
Methodology for
optimization of
mercury bioremediation by Vibrio
parahaemolyticus PG02 in coastal
sediments of Bushehr, Iran. CLEAN–Soil,
Air,
Water,
In
Press.
DOI: 10.1002/clen.201300616
Joo, J. H., Hassan, S. H., & Oh, S. E.
(2010). Comparative study of biosorption
of Zn2+ by Pseudomonas aeruginosa and
Bacillus
cereus.
International
Biodeterioration & Biodegradation, 64
(8), 734-741.
Kacar, Y., Arpa, Ç., Tan, S., Denizli, A.,
Genç, Ö., & Arıca, M. Y. (2002).
Biosorption of Hg (II) and Cd (II) from
aqueous solutions: comparison of
biosorptive capacity of alginate and
immobilized live and heat inactivated
Phanerochaete chrysosporium. Process
Biochemistry, 37 (6), 601-610.
Khoramzadeh, E., Nasernejad, B., &
Halladj, R. (2012). Mercury biosorption
from aqueous solutions by Sugarcane

Bagasse. Journal of the Taiwan Institute
of Chemical Engineers, 44 (2), 266-269.
Kumar, P. S., & Kirthika, K. (2009).
Equilibrium and kinetic study of
adsorption of nickel from aqueous
solution onto bael tree leaf powder.
Journal of Engineering Science and
Technology, 4 (4), 351-363.
Lacher, C., & Smith, R. W, (2002).
Sorption of Hg (II) by Potamogeton
natans
dead
biomass.
Minerals
Engineering, 15, 187-191.
Lesmana, S. O., Febriana, N., Soetaredjo, F.
E., Sunarso, J., & Ismadji, S. (2009).
Studies on potential applications of
biomass for the separation of heavy
metals from water and wastewater.
Biochemical Engineering Journal, 44 (1),
19-41.
Li, H., Lin, Y., Guan, W., Chang, J., Xu, L.,
Guo, J., & Wei, G. (2010). Biosorption of
Zn (II) by live and dead cells of
Streptomyces
ciscaucasicus
strain
CCNWHX 72-14. Journal of hazardous
materials, 179 (1), 151-159.
Mo, B. B., & Lian, B. (2011). Hg (II)
adsorption by Bacillus mucilaginosus:
mechanism and equilibrium parameters.
World Journal of Microbiology and
Biotechnology, 27 (5), 1063-1070.
Mohan, D., Gupta, V. K., Srivastava, S. K.,
& Chander, S. (2001). Kinetics of
mercury adsorption from wastewater
using activated carbon derived from
fertilizer waste. Colloids and Surfaces A:
Physicochemical
and
Engineering
Aspects, 177, 169-181.
Ofomaja, A. E. (2010). Intraparticle
diffusion process for lead (II) biosorption
onto
mansonia
wood
sawdust.
115

Jafari and Cheraghi / Environmental Studies of Persian Gulf 1(2) (2014) 102-116

Bioresource technology, 101 (15), 58685876.
Ofomaja, A. E., & Ho, Y. S. (2007). Effect
of pH on cadmium biosorption by
coconut copra meal. Journal of
hazardous materials, 139, 356-362.
Plaza, J., Viera, M., Donati, E., & Guibal,
E. (2011). Biosorption of mercury by
Macrocystis pyrifera and
Undaria
pinnatifida: Influence of zinc, cadmium
and nickel. Journal of Environmental
Sciences, 23 (11), 1778-1786.
Rezaee, A., Ramavandi, B., Ganati, F.,
Ansari, M., & Solimanian, A. (2006).
Biosorption of mercury by biomass of
filamentous algae Spirogyra species.
Journal of Biological Sciences, 6, 695700.
Sinha, A., & Khare, S. K. (2012). Mercury
bioremediation by mercury accumulating
Enterobacter sp. cells and its alginate
immobilized
application.
Biodegradation, 23, 25-34.
Sinha, A., Pant, K. K., & Khare, S. K.
(2012).
Studies
on
mercury
bioremediation by alginate immobilized
mercury tolerant Bacillus cereus cells.
International
Biodeterioration
&
Biodegradation, 71, 1-8.
Stas’, I. E., Shipunov, B. P., Pautova, I. N.,
& Sankina, Y. V. (2004). A study of
adsorption of lead, cadmium, and zinc
ions on the glass surface by stripping

voltammetry. Russian journal of applied
chemistry, 77, 1487-1490.
Tunali Akar, S., Arslan, S., Alp, T., Arslan,
D., & Akar, T., (2012). Biosorption
potential of the waste biomaterial
obtained from Cucumis melo for the
removal of Pb2+ ions from aqueous
media:
Equilibrium,
kinetic,
thermodynamic and mechanism analysis.
Chemical Engineering Journal, 185, 8290.
Wang, X. S., Li, F. Y., He, W., & Miao, H.
H. (2010). Hg (II) removal from aqueous
solutions by Bacillus subtilis biomass.
CLEAN–Soil, Air, Water, 38 (1), 44-48.
Zabihi,
M.,
HaghighiAsl,
A.,
&
Ahmadpour, A. (2010). Studies on
adsorption of mercury from aqueous
solution on activated carbons prepared
from walnut shell. Journal of hazardous
materials, 174, 251-256.
Zeroual,
Y.,
Moutaouakkil,
A.,
ZohraDzairi, F., Talbi, M., Ung Chung,
P., Lee, K., & Blaghen, M. (2003).
Biosorption of mercury from aqueous
solution by Ulvalactuca biomass.
Bioresource Technology, 90 (3), 349351.
Zhang, F. S., Nriagu, J. O., & Itoh, H.
(2005). Mercury removal from water
using activated carbons derived from
organic sewage sludge. Water Research,
39 (2), 389-395.

116

