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ABSTRACT

Wangia profunda SM-A87, representative of a new genus of family Flavobacteriaceae, was isolated
from deep-sea sediment samples near the southern Okinawa. The exopolysaccharides (EPS)
produced by W. profunda SM-A87 was used as an absorbent of Pb(II) from low concentration
solution in this paper. The effect of various parameters such as EPS concentration, pH, tem-
perature, contact time, ionic strength and the competitive adsorption of Pb(Il), Cu(II), Cd(II)
were evaluated in batch technique. The adsorption kinetic and isotherm were also calculated.
The preferences biosorption conditions were, EPS dosage at 0.1~0.2 mg/1, pH value at 5.5, tem-
perature at 20~30°C and contact time for 60 min, respectively. Coexistent cations decreased
Pb(II) uptake in the order of K*<Na*<Ca*<Mg?*. The maximum adsorption capacity of Pb(II)
was 357 mg/g at 30°C which was much higher than those of other biosorbents. The adsorption
data fitted better to the Langmuir equation than Freundlich equation. The pseudo second-order
kinetic model provided the better correlation for the adsorption process, compared with the
pseudo first-order kinetic model. The competitive biosorption results indicated that Cu(II) had
a greater effect on Pb(II) biosorption compared with Cd(II). Functional groups (—OH, —COO
and C—0O—C) of SM-A87 EPS possibly involved in Pb(II) biosorption process signed by the
FT-IR spectrum. This paper indicates that SM-A87 EPS could be applied in wastewater treat-

ment as a promising Pb(II) absorbent.
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1. Introduction

With the rapid development of various industries,
wastes containing heavy metals have brought serious
environmental pollution and human health damage,
mainly for their high toxicity even at low concentrations
and bio-circle accumulation [1,2]. Lead (Pb) is consid-
ered one of the most toxic and prevalent heavy metals
in aquatic environment as a result of major anthropo-
genic emission and improper waste disposal. It can be
accumulated along the food chain and is not liable to
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biological degradation and even cause adverse health
effects to human beings such as anemia, encephalopathy,
hepatitis and nephritis syndrome [3,4].

In the past few years, biosorption method has attracted
researchers’ interests in heavy metal removal from aquatic
environment, which utilized various natural materials of
biological origin, including bacteria, fungi, yeast, algae,
etc. These biosorbents have metal seizuring properties,
and more attractively than chemi-physical methods, are
able to decrease the concentrations of heavy metal ions
in solution from ppt to ppb level [5,6,7]. Hence biosor-
bents, possessing both high sorption ability and high
biomass yield, are ideal candidates for the treatment of
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high volume and low concentration complex heavy metal
wastewaters. Many kinds of biosorbents have been used
for removal and recovery of Pb(ll) from aqueous solu-
tions [8,9,10]. Biopolymers, which are biodegradable and
the degradation intermediates, are used as biosorbents in
wastewater treatment and showed good performance at
most common conditions. Heavy metal cations are more
liable to combine with the negative charged exopolysac-
charides (EPS) produced by microorganisms originated
from soil or wastewater sludge. And the adsorption pro-
cess is considered non-metabolic, energy independent
and can be caused by interaction between metal cations
and negative charge of acidic functional groups of EPS
[11,12]. The EPS is also convenient for industry producing,
transportation and wide application compared to viable
cells. However, the EPS yields of most microorganisms are
very low, much less high negatively charged EPS.

Deep sea is a major component of the earth’s biotopes.
It has been reported that some deep-sea bacteria secrete
a large amount of EPSs, which may help to concentrate
proteinaceous particles and metal ions [13]. Due to their
attractive chemical and rheological properties, the EPSs
from deep-sea bacteria have been applied in biotechnol-
ogy, pharmaceutical industry, food industry, and so on
[14,15]. However, study on application of deep-sea bac-
terial EPSs in environmental protection has been rarely
published. W. profunda SM-A87, a species of family Fla-
vobacteriaceae, was isolated from deep-sea sediment sam-
ples near the southern Okinawa [16]. It has been reported
that the yield of the EPS secreted by SM-A87 reached
8.76 mg/g (dry weight) at optimal experiment conditions
[17], which was higher than that of the EPSs produced
by other psychrotrophic microorganisms[18]. The low-
nutrient consuming and high-EPS-yielding indicates
SM-A87 might be a low-cost biosorbent producer. The
performance of Cu(Il) and Cd(Il) adsorption onto EPS
SM-A87 could partly proved the above hypothesis[19].
In this paper, better performance of the EPS SM-A87 bio-
sorption of Pb(Il) at low concentration wastewater was
reported, and the mechanism was also investigated.

2. Materials and methods

2.1. Cultivation of W. profunda (SM-A87) and preparation
of EPS SM-A87

Strain SM-A87 was cultivated in basal medium
and the polysaccharides was separated following the
method described in reference [19].

2.2. Batch biosorption tests

Stocked Pb(II) solution of 10 mg/1 used in this study
was prepared by dissolving Pb(NO,), in deionized water.

The initial pH of the working solutions was adjusted by
addition of HNO, or NaOH solution.

SM-A87 EPS solution was added in a 250 ml flask
containing 50 ml Pb(Il) solution and then the flasks were
shaken at 200 rpm at 20°C for 60 min using a Enviro-
Genie mechanical shaker. The solution was then filtrated
by a 0.45 um cellulose acetate membrane after equilib-
rium, and the filtrate was analyzed by atomic absorp-
tion spectrophotometer (TAS-990, Purkinje General)
with an air-acetylene flame.

The metal uptake (Q) was determined as follows:
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where V is the volume of solution in flask (ml), W is
the mass weight of adsorbent EPS A87 (g); C, and C, are
the initial and equilibrium concentrations of metal in
solution (mg/1).

Standard Pb(II) solution and standard Pb(II) samples
were applied for quality controlling. Otherwise, in this
study, all chemicals used were in analytical grades and
distilled, deionized water was employed. Blank test
was also examined as the above proscribed procedure
except for deionized water substituted for SM-A87 EPS,
respectively. Each determination was conducted at least
three times and the average values were reported.

2.3. Competitive biosorption

Competitive biosorptions were performed at an ini-
tial pH of 5.5 at 20°C. The initial concentration of Pb(II),
Cu(Il) and Cd(II) were fixed at different ratios of 1:0:0,
1:1:0, 1:0:1 and 1:1:1, respectively. The same procedures
described in Section 2.2 are performed, respectively.

2.4. Adsorption isotherms

Adsorption isotherms were studied by equilibrium
tests at different temperatures. SM-A87 EPS dosage of
0.1 g/1 was controlled at 50 ml Pb(II) solutions of initial
concentration varied from 0 to 500 mg/1.

The samples were shaken end-over-end for 12 h to
guarantee the biosorption equilibrium reached. Then
the solutions were filtered and measured following the
same procedures described in Section 2.2. The isotherm
experiments were duplicated and the average values
were reported.

2.5. Adsorption kinetics

For kinetic measurements, biorsorption tests were
contacted at different intervals and the other procedures
were as the same described in Section 2.2.
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2.6. FT-IR spectrum

Both the dried EPS samples before and after Pb(Il)
adsorption were pressed into KBr pellets at sample: KBr
ratio of 1: 100, then tested by a Fourier transform infrared
spectrometer (VERTEX-70, BRUKER, FT-IR). The spec-
tra were recorded in transmittance mode over the wave
number range of 4000—400 cm™, at a resolution of 4 cm™.

3. Results and discussion

3.1. Effect of SM-A87 EPS concentration, pH, temperature
and contact time

The economic possibility of a biosorbent is one of the
major concerns in its application. This could be partly
estimated by the dosage of the biosorbent. The dos-
age effect was investigated at initial lead concentration
of 10 mg/1 and pH value of 5.0, respectively. Fig. 1(a)
shows the biosorption amounts and removal efficiency
obtained at various dosages of SM-A87 EPS. The EPS
exhibited the maximum biosorption of Pb(II) to be 314
mg/g at the lowest dosage of 0.02 mg/1, and with the
increasing dosage of EPS, the biosorption amounts
decreased. At constant lead concentration of 10 mg/1,
a higher biosorption capacity at a lower dosage could
be attributed to an increased ratio of metal to available
adsorption sites. The biosorption is lower at a higher
EPS dosage for the biosorption sites are superabundant
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while the amount of lead is limited. Similar results were
observed when other biomasses were employed as bio-
sorbents to remove lead, such as lead biosorption by
Citrobacter strain MCMB-181[20] and by Penicillium sim-
plissimum [21]. However, the efficiency of Pb(II) removal
increased sharply from 57.7% to 96.5% with the dosage
increasing from 0.02 to 0.1 mg/l, then remained com-
plete Pb(Il) removal at higher dosage, implying Pb(II)
deficiency in solution at higher EPS concentration. It is
clear that biosorbent SM-A87 EPS exhibits great poten-
tial of Pb(Il) adsorption. On the consideration of both
economical and technical requirement, 0.1 mg/1 EPS
dosage was selected in the following tests without
explication.

The solution pH is an important parameter for
adsorption experiments as it strongly influences the
metal species, the activity of functional groups on the
biosorbent and the competition of ions for the binding
sites. To understand the effect of pH on Pb(Il) uptake
onto SM-A87 EPS, the biosorption was carried out at
pH values from 2 to 7.5, respectively. The result was
shown in Fig. 1(b). The adsorption results at pH values
above 7.5 were not shown due to the limited solubility
of lead ion at higher pH values, which makes true sorp-
tion studies impossible. As shown in Fig. 1(b), the bio-
sorption capacity strongly depends on the initial pH of
simulated lead wastewater. With the increasing of pH
from 2 to 4.5, the biosorption capacity increased sharply
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Fig. 1. Effect of different parameters on Pb(II) biosorption (a) EPS concentration; (b) pH; (c) Temperature; (d) Contact time.
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from 0.45 to 88.1 mg/g. After this the rate slowed down,
and the biosorption capacity reached the maximum
value of 99.9 mg/g at a pH of 5.5, and then decreased
at higher pH values. The same trend has been observed
in the Pb(Il) removal at pH 2-5.5, that is, the removal
efficiency increased from 0.3% to 99.1% with the increas-
ing of pH from 2 to 5.5. In contrast to the biosorption
capacity, Pb(Il) removal efficiency did not decrease,
but remained constant at higher pH values. As it is
well known, the biosorption capacities of biosorbents
depend on the available binding sites provided by the
functional groups existing at the surface of the biosor-
bents. At low pH, such sites on the EPS were not avail-
able due to the competition between Pb** and H,O* ions.
At increasing pH of the solution, the deprotonation of
acid functional groups, such as carboxyl, phosphonate
and phosphodiester, were strengthened and the attrac-
tion increased between negative charge on biomass and
positive metal cations [22]. On the other hand, the zeta
potential of EPS became more negative at increasing pH
(Fig. 2), suggesting EPS should have the higher potential
to adsorb positively charged Pb*, which is correspond-
ing to the enhancement of biosorption onto the EPS
surface. At higher pH values, the decrease of biosorp-
tion together with the unchangeable efficiency of Pb(II)
removal could be explained by the formation of insolu-
ble precipitates from the solution, which is in agreement
with the earlier studies by Fan et al. [21] and Li et al.
[23]. To get the maximum lead adsorption and avoid the
interference from precipitation, subsequent experiments
were carried out at pH 5.5.

The influence of temperatures in the range of 5-50°C
on Pb(Il) biosorption onto SM-A87 EPS was shown in
Fig. 1(c). The biosorption capacity increased when the
temperatureincreased from 5 to 30°C, and then decreased
slightly with increasing temperature. However, the
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Fig. 2. Zeta potential of SM-A87 EPS.

biosorption capacities obtained at 15~40°C were higher
and the Pb(Il) removal rates were about 93~100%, sug-
gesting Pb(II) biosorption on EPS was favorable at
general temperatures encountered in practical water
treatment. All the same, the temperature for Pb(II) bio-
sorption on SM-A87 EPS was preferred at 20~30°C.

Biosorption of Pb(Il) on SM-A87 EPS as a function
of contact time is shown in Fig. 1(d). Pb(II) biosorption
increased rapidly at the first 30 min of contact time then
maintained a constant level with time increasing. From
Fig. 1(d), the biosorption of heavy metal ions consisted
of two phases: an initial rapid phase contributing signif-
icantly to the equilibrium uptake, and a slower second
phase whose contribution to the total metal biosorption
was relatively small. The occupation of the remaining
vacant sites will be difficult as time going on due to the
repulsive forces between the Pb(II) ions on the solid and
the liquid phases [24,25]. The similar contact time trends
of lead binding onto other sorbents have been reported
in earlier works [21,26,27].

3.2. Effect of ionic strength

Influence of ionic strength on the Pb(I) biosorp-
tion was studied by changing ionic strength from 0 to
0.5 mol/1 NaCl, KCI, MgCl, CaCl, at pH 5.5, respec-
tively. As shown in Fig. 3, biosorption capacity of
SM-A87 EPS decreased significantly with the increase
in ionic strength of the salt solutions, and the relatively
large change in biosorption capacity occurred at lower
ionic strength, implying the formation of lead chloride
and the existence of cation exchange in the solution.
Increasing ionic strength will increase the ratio of chela-
tion to ion exchange and at very high salt concentration,
ion exchange will become very small [28]. A correspond-
ing decrease in the biosorption capacity with increasing
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Fig. 3. Effect of ionic strength on Pb(II) biosorption.
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ionic strength could be attributed to (1) increasing
Na*, K*, Mg*, Ca*" concentration with increasing ionic
strength and therefore increasing competition for the
sorption sites on EPS surface and, (2) changing either
solute activity or diffuse electrical double layer thick-
ness and therefore limiting the lead transfer from solu-
tion onto EPS surface.

Salt cations had discrepant effects on Pb(Il) biosorp-
tion. For the four tested salt cations, Mg* and Ca** had
greater depression than Na* and K* on Pb binding onto
the EPS. This could be due to the fact that Ca** and Mg*
brought two times ionic strength compared with that
of K* and Na* at the same salt concentration. So, their
effects on electrical double layer and consequently on the
Pb(II) biosorption are much stronger than K* and Na*.
On the other hand, the ionic radius is dominated to affect
the metals uptake through competition biosorption. Due
to the smaller ionic radius of Na* than K, it is easier for
Na* to compete with Pb(Il) for binding sites on SM-A87
EPS, and consequently the influence of Na* on Pb(II) bio-
sorption is stronger than that of K*. Similarly, the inhibi-
tory effect of added bivalent ions on Pb(II) biosorption
was greater for Mg?* than Ca*, which is due to the much
smaller ionic radius of Mg* as compared with Ca*.

3.3. Competitive biosorption in solution

The competition among the heavy metals onto the
biosorbent can affect the mobility and the removal effi-
ciency of heavy metals from such multi-component
solutions. Metal biosorption capacities of SM-A87 EPS
in single- and multi-solute systems (lead, copper, and
cadmium) were investigated. The initial metal ion
concentration was equal of 10 mg/1 for each metal ion.
As shown in Fig. 4, trends of the biosorption capacities in
multi-solute system were similar to that in single-solute
system but the biosorption capacities was significantly
reduced due to the presence of adsorption competition
among heavy metals. In the binary systems, the capaci-
ties of Pb(Il) biosorption were less for Pb(II)-Cu(Il)
mixture than Pb(I)-Cd(II) mixture at all tested times,
indicating Cu(Il) had a greater effect on Pb(II) biosorp-
tion compared with Cd(Il). However, the adsorption
capacity of Pb(Il) is higher in the simultaneous presence
of Cu(Il) and Cd(Il) compared with the presence of cop-
per alone. This phenomenon was difficult to understand
but has been observed in several reports as to remove
Pb(Il) at the presence of Cu(ll) and Zn(II) [29,30]. This
may be attributed to the presence of Cd(II), which com-
petes with Cu(lI) instead of Pb(Il). Cu(Il) and Cd(II) are
all transition elements, which may enhance their com-
petition for the same available adsorption binding sites
on the EPS and consequently lessen the competitive
effect on Pb(II).
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Fig. 4. Competitive adsorption of Pb(II), Cu(Il), and Cd(II)
on SM-A87 EPS.

3.4. Adsorption isotherms

Several isotherm equations have been used for equi-
librium models of biosorption systems. The two most
commonly used isotherm equations, the Langmuir and
Freundlich have been applied for this study.

The Langmuir biosorption isotherm has been suc-
cessfully applied to many monolayer sorption processes.
A basic assumption of the Langmuir theory is that sorp-
tion occurs at specific homogenous sites within the adsor-
bent. The Langmuir model is represented by equation (1):
& - (L)b + Cr
qe qmax

)]

qmax
where g, and g, are the equilibrium and maximum
uptake capacities (mg/g biosorbent) respectively; C,
is the equilibrium concentration of metal in solution
(mg/1); and b is the equilibrium adsorption constant,
and is related to the affinity of the binding sites. g, _rep-
resents a practical limiting adsorption capacity when
the surface is fully covered with metal ions. It allows the
comparison of adsorption performance, particularly in
cases where the adsorbent was not fully saturated.

The Freundlich isotherm is an empirical equation
employed to describe heterogeneous systems. The equa-
tion for the linear fitting is

1
9. = KfC} €)

where K, and n are Freudlich constants characteristic
of the system, indicating the adsorption capacity and
adsorption intensity of the adsorbent, respectively.
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Table 1
Isotherm parameters obtained from Langmuir, Freundlich
models for Pb(II) biosorption on the EPS SM-A87

T(°C) Langmuir Freundlich

qmax (mg/g) b rL2 n Kf er
10 1449 8.07 0973 223 19 0.803
20 159.25 99 0981 240 21 0.869
30 357 12 0973 2.03 37 0.885
40 312 19 0940 2 3 0.731

All the parameters correlating with Langmuir and
Freundilch evaluated from the isotherms and also the cor-
responding correlation coefficients are given in Table 1.

As can be seen from Table 1, the relative coefficient
(r*) revealed that the sorption data of EPS fit both mod-
els, especially the Langmuir model (r,*> > r,%). Based on
the Langmuir isotherm, the increase in the value of b
with increase in temperature up to 40°C indicated the
endothermic nature of the process, and the maximum
biosorption amount (g, ) of EPS for Pb(II) was found to
be 357 mg/g at 30°C. However, the adsorption data also

fitted well to the Frendlich equation. The values of K,

showed easy uptake of metal ion with high adsorptive
capacity of SM-A87 EPS. On the other hand, since the
values of n were higher than 1.0, the strength of metal
adsorption by the biosorbent was quite intense, indicat-
ing that Pb(II) is favorably adsorbed by SM-A87 EPS at
the temperatures studied [31].

To confirm the favorability of the adsorption pro-
cess, the dimensionless separation factor R, has been
calculated, which is given by the following equation:

_ 1
1+bC,-

(4)

Ry

C.is the initial metal concentration (mg/1), b is Langmuir
equilibrium constant (L/mg). The smaller R, value indi-
cates a highly favorable adsorption. If R, <1 unfavorable,
R,=1 linear, 0<R <1 favorable, and if R =0 irreversible.
The calculated values of R, for Pb(II) biosorption onto
SM-A87 EPS were found to be between 0 and 1 and con-
firm that the ongoing biosorption process is favorable.

3.5. Adsorption kinetics

The models of adsorption kinetics are correlated with
the solution uptake rates, which would allow an estima-
tion of the amount of metal ions that would be adsorbed
within a specific time. In this study, the pseudo-first-
order equation and the pseudo-second-order equation
were tested to fit experimental data obtained from batch
metal biosorption experiments.

The pseudo-first-order model is given as:

kyt
1 e — Q) =1 e — 5
08(Q ~ Q) =log Qe ——— - ©)
The pseudo-second-order model is given as:
L1 ©)

0 ko0

where k, (min™) and k, (g/mg min) are the rate constants
of pseudo-first-order model and pseudo-second-order
model, respectively. Q and Q, (mg/g) are the amounts
of metal adsorbed on SM-A87 EPS at equilibrium and
at time ¢, respectively. Linear plots of In (Q~-Q,) versus
t indicate the applicability of pseudo-first-order model.
The plot t/Q, versus t should give a straight line if
pseudo-second-order kinetics is applicable.

Plots of linearized forms corresponding to pseudo-
first-order and pseudo-second-order kinetics models
were shown in Fig. 5. Kinetics parameters and correla-
tion coefficients of the kinetic models were also shown
in this figure. The correlation coefficient (R,?) of pseudo-
second-order equation was better than that of the
pseudo-first-order equation, indicating that the pseudo-
second-order model could better explain the biosorp-
tion kinetic behaviors of Pb(II) onto SM-A87 EPS.

3.6. FT-IR spectrum

FI-IR is an important tool to identify the functional
groups. The assignment of FI-IR bands and detailed
wave number shifts for the biosorbent SM-A87 EPS are
shown in Fig. 6 There were several functional groups
found in the structure of EPS such as carboxylic acid
groups. Three shifts (more than 10 cm™) in wave num-
ber of dominant peaks were observed comparing fresh-
dried EPS with metal-loaded EPS. These shifts in the
wave number showed that there was a metal binding
process taking place on the surface of EPS.

The carboxylic group contained the following minor
groups: O-H stretching, O-H bending, C=0 stretching
and C-O stretching. The O-H stretching group, C=0
stretching group and O-H bending group were observed
to shift clearly from 3417 cm™, 1654 cm™, 1401 cm™ to
3433 cm™, 1637 cm™, 1412 cm™, respectively. These indi-
cated that there were a high potential O-H stretching
group, C=0 stretching group and O-H bending group
from carboxylic acid, which have been found involved
with the adsorption of Pb(II) [32,33]. The wave numbers
of the other groups such as: C-H group(shift from 2928
cm™ to 2922 cm™), C-O group(shift from 1037 cm™ to
1031 cm™) were also changed. All these changes may be
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Fig. 5. Kinetics models for lead biosorption onto EPS SM-A87
(a) Pseudo-first-order model; (b) Pseudo-second-order
model.

relevant to a metal binding process taking place on the
surface of SM-A87 EPS.

3.7. Comparison of sorption capacity of SM-A87 EPS with
other biosorbents

As it is well known, a direct comparison with EPS
and other reported biosorbents presents different values
due to the varying experimental conditions employed.
Here, SM-A87 EPS has been compared with other bio-
sorbents based on their maximum adsorption capac-
ity for Pb(Il) and dosage as shown in Table 2. It can be
observed that the maximum biosorption amount (g, )
of EPS for Pb(II) was 357 mg/g at an EPS dosage of 0.1
g/1 with optimum pH of 5.5, which was much higher
than those of other biosorbents reported in literature.
Therefore, SM-A87 EPS as a biosorbent exhibits great
potential to remove lead ions from wastewater.

In this study, we have also examined the biosorption
capacity of whole cells (both viable and dead cells) in

— Fresh EPS

100 - — Pb(Il) Loaded EPS

80 +

60

Transmittance (%)
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oL .
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Fig. 6. FT-IR spectra of fresh EPS and Pb(II) loaded EPS.

Table 2
Pb(II) biosorption capacities of reported biosorbents

Biosorbents Biosorption Dosage pH Reference
capacity (/)
(mg/g)

Calophyllum 34.51 20 4 Lawal et al.

inophyllum [34]

Modified peat- 47.39 10 45 QY. Sun

resin particles et al. [35]

Parmelina 75.8 4 5 Uluozlu

tiliaceae et al.[32]

Penicillium 87.72 1 5 Fan et al.

simplicissimum [21]

Green algae 140.84 0.5 5 Gupta and

Spirogyra sp. Rastogi[36]

Oedogonium sp. 145 0.5 5 Gupta and
Rastogi [26]

Formaldehyde  164.2 1 5 Ornek et al.

treated acorn [37]

waste

Pseudomonas 270.37 1 55 Usluand

putida Tanyol [38]

PAAc- 294.12 0.5 4 Li and Bai

functionalized [39]

chitosan

SM-AS87 357 0.1 5.5 This study

our lab. The main limitation of viable cells of A87 appli-
cation in lead adsorption is the pH. The bacteria can not
stand the pH value lower than 6.0 which is secure for
Pb(II) with no precipitation. As to dead cells, it is not sat-
isfied with the low biosorption capacity. This is mainly
because the EPS had been previously separated to get
the dried cells. On the other hand, there are more advan-
tages to use the EPS than the whole cells: (a) the biosorp-
tion capacity is much higher than other biosorbents as
shown in this study; (b) The EPS yields of A87 are very
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high and it can be reused by immobilization technology.
This can lower the cost to some extent. (c) EPS is conve-
nient for industry producing, transportation and wide
application compared to viable cells; (d) we do puri-
fied the EPS strictly to understand the influence and
the mechanism of biosorption. However, the materials
used in the purification process, such as alcohol, chlo-
roform and butyl alcohol, can be reused in industry,
which makes the cost of purification lower. Besides the
EPS purification is not compulsory for EPS application
in water treatment practice.

4. Conclusions

Based on the results obtained in this study, the main
conclusions are as follows:

1. The biosorption of Pb (II) on SM-A87 EPS were
affected greatly by solution pH, temperature, EPS
concentration and ionic strength. Pb (II) at low con-
centration can be removed almost completely from
the water by SM-A87 EPS adsorption at controlled
condition as EPS dosage of 0.1 mg/l or upper, pH
of 5.5, temperature of 20~30°C, and contact time of
less than 60 min, respectively. Coexistent cations and
other heavy metal depressed the biosorption capabil-
ity differentially.

2 The adsorption data fitted Langmuir model better
than Freundlich model, which indicated that the
removal process of Pb(II) by SM-A87 EPS was mono-
layer biosorption.

3. The biosorption capacity of EPS SM-A87 is much
higher than other biosorbents. The maximum adsorp-
tion of 357 mg/g at 30°C and the R, value between 0
and 1 confirms that the biosorption is favorable.

4. The biosorption kinetics for Pb(II) can be well
described by pseudo-second-order kinetic model.
The FT-IR analysis verified the possible functional
groups (O-H, C=O0 etc.) contribute to the binding of
heavy metals.

Comprehensively, EPS SM-A87 may be applied as a
good adsorbing medium for Pb(II).
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