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INTRODUCTION

Lead(II) is widely detected as poisonous heavy metal
pollution in natural aquatic environment1,2, which can enter
and finally accumulate in the human body through drinking
water3. Numerous studies indicate health problems, such as
nephropathy, abdominal pain, anaemia and intertility were of
great correlation with lead concentration in human tissues4,5.
Most of the lead pollution were released from industrial waste-
water, facing the growing public concerns. Hence, it is impe-
rative to substantially reduce lead concentration in industrial
effluent.

Up to now, scientists have developed various technologies
i.e. membrane filtration6, ion-exchange7 precipitation8 and
physical adsorption9 to remove aquatic lead(II). These techno-
logies have been reported to efficiently eliminate lead conta-
mination to a certain extent, but their application has been
limited by the high cost of the continuous consumables needed
for the removal process and the requirement for external auxi-
liary energy10-13. Therefore, new technologies for the effective
elimination of lead pollutants, without the requirement of large
amount of consumables or powerful external source, are desi-
rable. Recently, biosorption has attracted growing attention
as an economical, eco-benign and efficient technology for
aqueous lead(II) removal. The most significant advantage is it
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can utilize biosorbents like yeast14, algae16,17 and plant tissue18

from agricultural wastes and plants, which poses little adverse
effect on natural environment and little burden on chemical
material synthesis as sorbents. As such, obtaining the satis-
factory biosorbents that are highly efficient for lead(II) removal
become the critical factor for this technology to be successfully
harnessed.

Endophytes are non-pathogenic microbes living inside
plants that colonize the internal tissues of plants without
showing any external sign of infection or negative impact on
the hosts. Due to the hyperaccumulation ability of endophytes
isolated from a heavy metal hyperaccumulator, the host plants
can endure high level of a particular heavy metal19,20. Most
recently, it have been demonstrated that endophytes itself can
manifest a good performance as biosorbents on heavy metals
pollution remediation, which in certain ways, exhibit some
unique advantages over the traditional methods21.

The objective of this study was to isolate endophyte L01
(EPL01) from Pteris cretica (a plant known to show high resis-
tance towards arsenic) for removal of lead(II) from water. The
effect of solution pH, reaction time, biosorbent dosage and
initial concentration of lead(II) on the adsorption process were
investigated. To our best of knowledge this is the first study
that utilizes an endophytes to absorb heavy metal of different
species viz. arsenic endophyte for removal of lead(II).



EXPERIMENTAL

Isolation and identification of EPL01: The Pteris cretica

plants were transplanted from a realgar mine in Shimen county,
Hunan province, China. The plants were washed with tap water
for removal of mud and then divided into portions of leaf, stem
and root. These parts were sterilized by 70 % ethanol and 0.1 %
(m/v) HgCl2 solution. With the addition of an appropriate amount
of PBS buffer (NaH2PO4/Na2HPO4, pH = 7.4) solution, each
portion was ground into pulp. The prepared plant segments
were inoculated onto agar plates and incubated at 303 K for
7 days.

The genomic DNA of the endophyte bacterium EPL01
was extracted and 16r DNA was amplified in polymerase
chain reaction (PCR) using genomic DNA as template and as
fungus universal primers (Sequence Forward Primer (27F):
5′-AGAGTTTGATCCTGGCTCAG-3′ and Sequence Reverse
Primer (1492R): 5′-TACGGCTACCTTGTTACGACT T-3′).
Amplification was performed for 30 PCR cycles with annealing
at 328 K for 30 s. The amplified DNA was purified using the
Agarose Gel DNA Purification Kit and sequencing was
performed at Shanghai Invitrogen Biotechnology Co. LTD.
The 16S rDNA sequence was compared against the GenBank
database using the NCBI Blast program.

Study of arsenic (III) and lead (II) resistance: The endo-
phyte bacterium EPL01 was inoculated onto an agar solid
culture medium containing arsenic(III) and lead(II) of certain
concentrations. The growth condition of EPL01 was examined
after a period of 3-7 days.

Preparation of biosorbent: The bacterium EPL01 was
incubated in the nutrient broth medium at 303 K for 3 days.
Then, the mycelia were separated from the nutrient medium
by centrifugation (10000 rpm) for 10 min and inactivated at
394 K for 20 min. The inactivated mycelia were then washed
several times with purified water (purified by a Milli-Q water
system (Bedford, America)). The biosorbent was dried in oven
at 333 K for 24 h and crushed and sieved (120 mesh size)
before use.

Preparation of reagents and medium: All the biological
reagents were bought from Shuangxuan Biological Reagents
Enterprise, Beijing. The nutrient broth medium applied in
fostering bacterium was that commonly used in bacterium
incubation: 3 g beef extract, 10 g peptone, 5 g NaCl, 1 L puri-
fied water. To solidify the medium, 2 % agar was added. The
pH value of medium was adjusted to 7.2-7.4.

All the chemical reagents were of analytical grade and
provided by Shantou Xilong Chemical Co., Ltd. (Shantou,
China). A stock solution of lead(II) was prepared by dissolving
an appropriate amount of anhydrous Pb(NO3)2 in 100 mL
deionized water. The lead(II) solutions of various concentra-
tions were obtained through diluting the stock solution. To
ensure the accurate determination of heavy-metal concentra-
tions, the testing solution was diluted into the linear detection
range of the equipment if needed. The pH of the solution was
adjusted to a designed value (1-6 in this work) by adding
aqueous HNO3 (0.1 mol/L) or NaOH (0.1 mol/L).

Analytical technique: The pH of solution was determined
by using a pH electrode (pHSJ-3F Shanghai, China). The lead(II)
concentration in a solution was determined using an AAS-

990 atomic absorption spectrophotometer (Puxitongyong,
Beijing). The hollow cathode lamp was operated at 2 mA and
the analytical wavelength was set at 283.3 nm.

Biosorption and regeneration of EPL01: The biosorption
experiments were performed by adding the biosorbent into
lead(II) solutions (20, 50, 100 mg/L, respectively) and then
shaking the mixture using a thermostatic oscillator for a
designated period of time (denoted as contact time hereinafter).
After shaking a certain contact time, the biosorbent was filtered
out and the filtrate was analyzed using an atomic absorption
spectrophotometer. The biosorbent was examined using energy
dispersive spectrometry (EDS) to characterize lead adsorption.
The effect of initial pH and biosorbent dosage were investigated
within the pH value range of 1-6 and dosage range of 1-3 g/L,
respectively.

The kinetics of biosorption was investigated at initial
lead(II) concentration of 20, 50 and 100 mg/L, respectively.
The adsorbed amount (mg/g) of lead(II) (qt) was calculated
according to the following equation:

0 t
t

(C C )V
q

m

−
=

C0 is the initial lead concentration (mg/L), Ct is the lead con-
centration (mg/L) at any time t, and m is the biosorbent dosage
(g).

The regeneration experiments were conducted with 1 g/L
of biosorbent and the solution pH value was adjusted to 5.
After contact time for 2 h, the biosorbent was extracted by
centrifugation and then washed three times with distilled water
to remove residual lead(II). Afterward, the extracted solid was
dissolved in 10 mL HNO3 solution (10 mM) by shaking for
1 h. Then the biosorbent was extracted again by filtration and
the filtrate was analyzed. The biosorbent was deionized water-
washed until the eluent pH was 5 before next sequential experi-
ment. The adsorption-desorption cycle was repeated for a total
of five times.

RESULTS AND DISCUSSION

The endophyte EPL01 was isolated from the leaf of arsenic
hyperaccumulator Pteris cretica. The result of the 16S rDNA
gene sequence analysis confirmed that it was Bacillus sp.. The
results of metal resistance experiments indicated that the
resistance of EPL01 towards arsenic (III) and lead(II) were
about 80 and 5 mmol/L, respectively. Similar observation was
reported when Luo et al.21 investigated endophytic bacterium
LRE07.

With lower maximum resistance concentration, however,
EPL01 exhibited much better adsorption capacity for lead(II)
than that for arsenic(III) under the present experimental
condition (pH = 6). In fact, arsenic(III) adsorption on EPL01
was barely observed. EDS analysis was employed to examine
the EPL01 sample before and after the lead(II) adsorption
experiment. Fig. 1 shown that the weight ratio of carbon and
oxygen of the original EPL01 sample was 32.10 and 67.90
wt %, respectively. After the adsorption, due to the added
weight of adsorbed lead (55.24 wt %), the percentage of carbon
and oxygen dropped to 12.34 and 32.42 wt %, respectively,
confirming the great adsorption capacity of EPL01 for lead
(Fig. 1).
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Fig. 1. EDS spectra of endophyte bacterium EPL01 (a) before and (b) after
adsorption

The adsorption capacity towards lead(II) was promoted
by the interaction between particle surface and dissolved cation
which in this case was determined by solution pH. Gram-stain
test results indicate that EPL01 was Gram-negative bacteria
and the isoelectric point of the bacteria surface was about pH
4-5. The surface of Gram-negative bacteria is positively charged
when the solution pH value is lower than 4-5 and is negatively
charged when the pH value raises above 4-5. Previous study
reported that arsenic(III) presents mainly in the form of H3AsO3

when the solution pH value is below 9.123. Therefore, the
arsenic species (pH = 6) appeared to show electroneutrality at
present experimental conditionand hence manifested little
electrostatic attraction with EPL01 surface, resulting little
adsorption as observed. However, the electrostatic attraction
between lead(II) cation and negatively charged EPL01 surface
rendered significant metal adsorption.

Effect of initial pH: The pH value of a solution always
has an effect on surface charging of an adsorbent is well known.
In the present study, we observed that the pH of the aqueous
solutions pose a critical effect on the adsorption process. We
evaluated the effect of pH on the biosorption of lead(II) at
303 K for 2 h, having the pH values regulated in the 1-6 range
(concentration of lead(II) = 20, 50 and 100 mg/L; biosorbent
dosage = 1 g/L). As shown in Fig. 2, biosorption was hardly
observed for a pH less than 2. With increase of initial pH from
2 to 4, there was sharp rise of biosorption capacity. When pH
is above 4, the rise of biosorption capacity became slow. The
phenomenon could be explained by the fact that when the pH
of the solution is below 2, EPL01 is surrounded by a large
number of hydrogen ions. The protons and lead(II) ions compete
for the same adsorption sites, so the adsorption capacity of
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Fig. 2. Effect of pH on lead(II) biosorption on EPL01 at lead(II)
concentration of 20, 50 and 100 mg/L, (dosage: 1 g/L, contact time:
2 h, temperature: 303 K)

lead(II) is low when pH is below 2. With rise of the pH, the
deprotonation of acid functional groups such as carboxyl and
phosphonate strengthens and the attraction between negatively
charged biomass and positive metal ions increases; subsequently
there is rise of biosorption capacity with increasing pH.

Adsorption kinetics: As displayed in Fig. 3a, the rate of
adsorption was fast within the first 10 min and then became
slow in the later stage. At low lead(II) concentration such as
30 and 50 mg/L, it took 10 min to reach adsorption equilibrium;
at lead(II) concentration of 100 mg/L, it took 25 min to reach
adsorption equilibrium. The amount of lead adsorbed at equili-
brium reflects the adsorption capacity of biosorbent as there
is no further change in lead adsorption with time.

Kinetic modeling is a useful approach to understand the
mechanism and reaction rate of an absorbate-biosorbent system.
In this study, we adopted the pseudo-first-order rate equation
and the pseudo-second-order rate equation. The pseudo-first-
order kinetics equation24 is expressed as

ln(qe – qt) = K1t + lnqe (1)
where qe is the amount of adsorbate at equilibrium (mg/g), qt

is the amount of adsorbate at any time (mg/g) and K1 is adsor-
ption constant (min-1). The values of K1 were calculated from
the slope of "ln(qe - qt) versus t" plots (Fig. 3b). The correlation
coefficients (R2) were also calculated. All the parameters are
depicted in Table-1. The R2 values are relatively low, indicating
that the adsorption dynamics of lead(II) on EPL01 does not fit
into the pseudo-first-order rate model.

TABLE-1 
BIOSORPTION RATE CONSTANTS AND qe VALUES OF 

PSEUDO-FIRST-ORDER AND PSEUDO-SECOND-ORDER 
KINETIC IN LEAD(II) BIOSORPTION ON EPL01 

Pseudo-first- 
order kinetic 

Pseudo-second- 
order kinetic 

Lead(II)  
concen-
tration 
(mg/L) 

qe,exp 
(mg/g) qe,cal 

(mg/g) 
K1 

(min-1) 
R2 

qe,cal 
(mg/g) 

K2 

(g/mg/min) 
R2 

20 19.5 0.551 0.0194 0.486 19.4 0.545 1.000 
50 46.5 4.13 0.0183 0.563 45.9 0.0641 1.000 

100 55.0 7.78 0.0330 0.650 54.8 0.0456 0.9999 
qe,exp: The experimental values of qe; qe,cal: The calculated qe values 
from model 

 
The linear form of pseudo-second-order model is expressed

as followed:
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where K2 is the constant rate of pseudo-second-order (g/mg
min-1). The plot of t/qt versus t would give a linear relationship
from which, qe and K2 can be obtained from the slope and
intercept of the plot, respectively (Fig. 3c). The K2, qe and R2

determined from the model are listed in Table-1. The R2 values
are found to be approximately 1, indicating that the adsorption
process of lead(II) on EPL01 followed a pseudo-second-order
kinetic model. Furthermore, the experimental qe (qe,exp) data fit
well with the calculated qe (qe,cal) of the pseudo-second-order
kinetic model.

Adsorption isotherm: The adsorption isotherm of lead(II)
on EPL01 is shown in Fig. 4a. As suggested before, the initial
concentration of metal ions in the solution plays a key role as
a driving force to overcome the mass transfer resistance between
the aqueous and solid phases20. It is hence expected that there
is increase of adsorption capacity with rise of initial lead(II)
concentration. It can be seen from Fig. 3a that the adsorption
capacity indeed increases with rise of lead(II) concentration.
The results indicated that EPL01 can be well adopted in treating
wastewaters of high lead(II) concentration.

The adsorption data are fitted into the two most commonly
used isotherms, viz. Langmuir and Freundlich. The general
forms of the two models could be described as follows25:

Linear form of Langmuir equation:

e e

e max max

C C1

q b·q q
= +

where qmax is the maximum amount of metal ions adsorbed
per unit weight of adsorbent for the formation of a monolayer
of adsorbate on the surface, b represents the Langmuir constant

that is related to the affinity of the binding sites, Ce is the
concentration of metal ions at equilibrium and qe is the amount
of metal ions adsorbed at equilibrium. The Langmuir model
assumes that the surface of biosorbent is homogeneous and
covered with a monolayer of adsorbate.

Linear form of Freundlich equation:

e e

1
ln q ln K ln C

n
= +

where K and n are Freundlich constants indicating adsorption
capacity and adsorption intensity, respectively.

The plots of the Langmuir and Freundlich equations are
shown in Fig. 4b and 4c, respectively and the related parameters
are shown in Table-2. It can be seen that the Freundlich isotherm
does not fit the experimental data as good as the Langmuir
model, as reflected by the values of the corresponding constants
and correlation coefficients. It is worth pointing out that the
theoretical maximum adsorption capacity obtained based on
the slope of Langmuir plot is 93.63 mg/g, suggesting that EPL01
has good potential for lead(II) removal from waste waters.

TABLE-2 
LANGMUIR AND FREUNDLICH ISOTHERM 

PARAMETERS OF LEAD(II) BIOSORPTION ON EPL01 

Langmuir Freundlich 
Biosorbent 

b mM) qmax mg/g) R2 n K R2 

EPL01 0.021 93.6 0.99 7.39 34.6 0.94 

 
Effect of dosage and reusability: The cost of a biosorbent

is one of the major concerns in its application. Whether a
biosorbent is economical to use depends on the effective dosage
and reusability of the biosorbent. The effect of absorbent dosage
is illustrated in Fig. 5. It can be seen that there is decrease in
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Fig. 3. (a) Adsorption kinetics of lead (II) on EPL01 at lead (II) concentration of 20, 50 and 100 mg/L, (b) linear pseudo-first-order plot and (c) linear
pseudo-second-order plot
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adsorption capacity with rise of adsorbent dosage from 1 to 3
g/L. Similar phenomena were observed when Citrobacter strain
MCMB-181 and EF LSE10 were employed as biosorbents to
remove lead, cadmium and zinc20,26. The possible explanation
for the higher biosorption capacity at a lower biosorbent dosage
is that the number of binding sites available for adsorption
was determined by the dose of biomass added to the solution
and an increase in metal-to-adsorbent ratio decreases with
increasing dosage20.
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Fig. 5. Effect of biosorbent dosage on lead(II) biosorption on EPL01 at
lead (II) concentration of 20, 50 and 100 mg/L. (pH: 5, contact
time: 2 h, temperature: 303 K)

The reusability of biosorbent EPL01 was assessed using
10 mM HNO3 to elute the biosorbent. As shown in Fig. 6, there
is little change in adsorption capacity of EPL01 in five cycles
of testing and the adsorption capacity of the final cycle is well
over 90 % of that of the initial cycle. Based on the results of
effective dosage and reusability studies, it is clear that the EPL01
biosorbent is economical to use in the treatment of wastewater
for lead(II) removal.
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Fig. 6. Recyclability of biosorbent in lead(II) biosorption [lead(II)
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Conclusion

The endophyte bacterium EPL01 was isolated from arsenic
hyperaccumulator plant Pteris cretica. The EPL01 biosorbent
shows high potential in the removal of lead(II) ions from
wastewater. In this work, an endophyte bacterium isolated from
a hyperaccumulator plant of a certain heavy metal can have
good adsorption capacity for the ions of another heavy metal.
The EPL01 biosorbent is economical to use because of the
low effective dosage and high reusability of the biosorbent.
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