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Abstract – Lead (II) is among the toxic pollutants that are considered a serious concern since it has adverse
effects on the environment and the human health even at low concentrations. The treatment technologies
dealing with the removal of this metal suggest biosorption and/or bioaccumulation as an attractive
alternative since these methods are ecofriendly and efficient with low cost. In the present study, three halo
alkaliphilic bacterial isolates, A1S2, A1S5 and A1Ext were isolated from wastewater effluents of tannery
industry located South Lebanon. These bacterial isolates were screened for their ability to tolerate lead (II).
A1S2, A1S5 and A1Ext were found to tolerate up to 500, 250 and 1000 mg.L-1 of lead (II) respectively. The
most lead (II) tolerant bacterial isolate was studied for its potential to remove lead (II) from aqueous solution.
The mechanism of lead (II) removal was assessed using FT-IR measurements and transmission electron
microscopy. Several parameters that influence lead (II) withdrawal were optimized. Kinetics of the process
was estimated. The bacterial isolate A1Ext was able to remove 27.3 mgg-1 of lead (II).

INTRODUCTION

Heavy metals contamination is a serious
environmental issue that has been increasing at an
alarming rate in the past few decades. Many
industries discard their effluents that contain heavy
metals into the streams, rivers, sea, and ground
water (El-Naggar et al., 2018). These heavy metals
have adverse effects on the environment and living
biota due to their non-biodegradable nature and
tendency to bio accumulate and bio magnify at
different trophic levels of the food chain (Barka et al.,
2013).

Lead is considered among the most hazardous
metals affecting the environment. It is toxic even at
very low concentration (Haloi et al., 2013).
According to the US Environmental Protection
Agency (US-EPA) the MCL (maximum contaminant
level) of lead in drinking water should not exceed
0.015 mgL-1 (EPA, 2008 and Obuseng et al., 2012).
While as for the WHO the drinking-water guideline
value for lead is 0.01 mgL-1 (WHO, 2004). India
standard regulations state that the permissible limit

for lead in drinking water is 0.05 mgL-1 (Kumar and
Puri, 2012). Lead causes many detrimental effects on
children and adults. Lead poisoning in children
affects their mental health and neurological
behaviors such as lowered intelligence, reduced
hearing intensity and low attention span. Whereas
in adults, lead is considered the most systemic
toxicant exerting adverse effects on many organs
including nervous, renal, reproductive,
hematopoetic and endocrine systems along with
being carcinogenic (Tchounwou et al., 2012 and
Tiquia-Arashiro, 2018). Thus lead detoxification
from wastewater is required for the protection of the
human health and well-being.

There are many conventional methods used to
eliminate lead (II) from aqueous solutions such as
chemical precipitation (Safdar et al., 2011), ion
exchange (Srijaranai et al., 2011), reverse osmosis
(Peterskova´ et al., 2012), electrochemical treatment
(Sulaymon et al., 2011), and filtration (Bessbousse et
al., 2008). However the use of these treatment
methods have several disadvantages due to practical
or cost related issues in other words being difficult
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to apply, pollutant concentration dependent,
expensive, ineffective in addition to being a source
of secondary pollutants (Zouboulis et al., 2004). A
better alternative is the biological methods such as
biosorption and bioaccumulation that are cost-
effective, environment friendly and efficient
methods that act through the employment of
microorganisms in the removal of heavy metals
(Ayangbenro and Babalola, 2017).Biosorption
include the use of dead and living microorganisms.
It was found that heavy metals uptake using metal-
resistant living cells is better due to the active
metabolic pathways that are continuously uptaking
metals after the passive removal (Guo et al., 2010,
Pagnanelli et al., 2013 and Feng et al., 2018).

Biosorption of Pb2+ has been studied by many
researchers (Tunali et al., 2006; Oves et al., 2013; Iram
et al., 2015; Muñoz et al., 2015; Chen et al., 2015; Ren
et al., 2015; Jin et al., 2016; Li et al., 2017). But these
studies conducted Pb2+ removal under acidic or
nearly neutral pH conditions. There was few
previous studies reported dealing with the
biosorption of Pb2+ under alkaline conditions. The
present investigation deals with the removal of Pb2+

under alkaline conditions using alkaliphilic and
halo alkaliphilic lead resistant bacteria isolated from
tannery wastewater. Mechanism of Pb2+

detoxification along with the optimization of the
process was investigated.

MATERIALS AND METHODS

Sample collection and analysis

Wastewater samples were collected from two leather
tanneries in Saida, South Lebanon. Five Water
samples were collected from five discharge points of
these tanneries and were transferred to sterile plastic
containers, stored at 4 ± 2 oC prior to analysis. After
collection, samples were acid digested for
determination of lead (Pb). Samples were acid
digested and metal analysis was done using Atomic
Absorption Spectrophotometer (Thermo Scientific
iCE 3000 series). Electrical conductivity and pH of
water samples were measured using a conductivity
meter (Mi 170 Bench Meter) and a pH meter (Ohaus
starter 3100).

Isolation and purification of bacterial isolates

For the isolation of alkaliphilic bacteria, the
wastewater samples were enriched in HorikoshiI
growth medium (pH 10.0) consisting of (g L-1):

glucose 10, yeast extract 5, peptone 5, K2HPO4 1,
MgSO4 7H2O 0.2 and Na2CO3 10 besides the addition
of 20 gL-1 of agar for solidification of the medium
(Horikoshi, 1999). One milliliter of each wastewater
sample was added to 50 mL of sterile HorikoshiI
broth and incubated at 35 ± 2 oC in a shaking
incubator (ZHWY-2102C) with 150 rpm for 48
hours. For the purification of the bacterial isolates,
0.1 ml from each flask was spread on Horikoshi I
agar plate and incubatedat 35 ± 2 oC for 48 hours.
Single bacterial colonies were obtained using
streaking method using the same growth medium
(Horikoshi I agar). The obtained colonies of each
bacterial isolate were then examined
microscopically with Gram staining.

Screening of lead resistant alkaliphilic bacterial
isolates

The ability of the bacterial strains to grow under
increasing concentrations of lead solution (Pb2+) was
examined by micro broth dilution method (CLSI,
M07-A9, 2012). In 96 well microtiter plate, two-fold
serial dilutions of Pb2+ (nitrate salts) (starting
concentration 1000 mgL-1) were transferred to 10
wells of one row. After overnight incubation of the
bacterial isolates in Horikoshi I broth medium, the
inoculum size was adjusted to 0.5 Mcfarland (1.5 ×
108 CFU/mL) and then diluted in sterile Horikoshi I
broth to reach 1×106 CFU/mL, thereafter 50 L of
each dilution was added into each well (column 1-
10) of one row resulting in a final required inoculum
of 5×105 CFU/mL (Balouiri et al., 2016). The plates
were then incubated for 16 to 20 hours at 35 ± 2 oC.
The highest concentration of heavy metal
supporting bacterial growth was defined as the
maximum tolerance concentration (MTC). Bacterial
isolate(s) that showed high tolerance to Pb2+ was/
were chosen for further experiments.

16S rRNA gene sequencing and molecular
analysis

Molecular characterization of the selected bacterial
strains was performed using 16S rRNA sequence
analysis. From the pure bacterial culture, the total
genomic DNA was extracted and purified according
to Ausubel et al. (2003). The 1500 bp fragment of the
bacterial 16S rDNA was amplified from the total
genomic DNA using universal eubacteria specific
primers. The forward primer was: 8F (AGA GTT
TGA TCC TGG CTC AG) and the reverse primer
was: U1492R (GGT TAC CTT GTT ACG ACT T).
The PCR product was purified using Gene JET™
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PCR Purification Kit (Thermo K0701). The purified
product was sequenced and aligned with known
16S rDNA sequences in the Genbank database using
the basic local alignment search tool (BLAST) at the
National Center for Biotechnology Information
(http://www.ncbi.nlm.nih.gov/BLAST/). Based on
the percent homology scores, the bacterial isolate
was identified. Phylogenetic tree was constructed
using MEGA version 3 software (Kumar et al., 2004).

Conductivity and FT-IR measurements

Overnight bacterial culture was harvested by
centrifugation at 6000 rpm for 15 minutes and
washed three times with deionized distilled water to
get the bacterial pellet. Pb2+ (nitrate salts) solution
was prepared in deionized distilled water at pH 10.
Ten milliliters of Pb2+solution was transferred to the
bacterial pellet (0.1 g) and vortexed for 5 minutes
then incubated overnight at 30 ± 2 0C. During
incubation period, conductivity of the Pb2+ solution
was measured at different time intervals (0, 60, 120,
240, 1080 and 1440 minutes) using conductivity
meter (Mi 170 Bench Meter).

After the incubation period, FT-IR analysis was
done for these bacterial pellets. Dried bacterial cells
were analyzed using Fourier Transform Infrared
(FT-IR) spectrometer (Thermo Scientific Nicolet iS5
FT-IR) (Jin et al., 2016). The variation in the vibration
frequency of metal-free (control) and Pb2+ loaded
bacterial biomass was detected. Spectra were
recorded in the region of 400-4000 cm-1 with 32
scans.

Transmission electron microscopy imaging

Transmission Electron Microscope (TEM) (JEM-1400
Plus) was used to determine the location of Pb2+

within the bacterial cells, TEMwas at the Electron
Microscope Unit, Faculty of Science, Alexandria
University, Egypt. Bacterial cells were fixed using
universal electron microscope fixative. Series
dehydration steps were made to the pellets using
ethyl alcohol and propylene oxide. The pellets were
then embedded in labeled beam capsules and
polymerized. Thin sectionswere obtained using LKB
2209-180 ultra-microtomestained with a saturated
solution of uranyl acetate for 30 minutes and lead
acetate for 2 minutes (McDo well and Trump, 1976).
The same procedure was applied to control bacterial
cells (metal-free cells). The magnification used for
the investigated samples was 15000x, and the
accelerating voltage was 80 Kv.

Factors influencing lead uptake by the
investigated bacterial isolate

Further experiments were done on the identified
bacterial isolateto study factors affecting its ability to
remove Pb2+ (nitrate salt) from aqueous solutions.
These parameters include the biomass dose, pH of
the solutions, temperature, Pb2+ initial concentration
and kinetics of the process. A batch equilibrium
method was used to determine the removal of lead
(II) by the bacterial isolate. All set of experiments
was done in fixed volume (10 mL) of Pb2+ metal ion
solution inpolypropylene tubes. Bacterial pellets
were obtained from the centrifugation of bacterial
culturesat 6000 rpm for 15 minutes.

Effect of biomass dose on Pb2+ removal

The effect of bacterial biomass on the removal of
lead (II) ions was studied by using different biomass
dose 0.05, 0.1, 0.25, 0.5 and 0.75 g of the biomass.
Pb2+ solution (0.1 mmolL-1) was added to each mass
of the prepared bacterial pellets in polypropylene
tubes. The tubeswere vortexed for 5 minutes and
incubated overnight at 30 ± 2 oC. Then the bacterial
biomass was separated from the metal ion solution
by filtration through 0.45 m filters. The amount of
remaining lead (II) concentration in the filtered
samples was measured using Atomic Absorption
Spectrophotometer (Thermo Scientific iCE 3000
series). Lead (II) extraction percentages (% E) were
calculated according to the following equation:

% (E) = (Ci – Cf)/ Ci×100          Eq. (1)
Ciand Cf are initial and equilibrium Pb2+

concentrations (mmolL-1) in water.

Effect of solution pH on Pb2+ removal

To evaluate the impact of pH on the Pb2+ removal,
the optimum bacterial biomass was added to 0.1
mmolL-1 of Pb2+ solution (nitrate salts) with solutions
of different pH values ranging from 6 to 10. The pH
of the solutions was adjusted by adding 0.1 M
H2SO4or 0.1 M NaOH solutions. All samples were
vortexed for 5 minutes and then incubated
overnight at 30 ± 2 oC. Then the samples were
filtered and analyzed for the determination of Pb2+

concentration left in the sample using the procedure
described in the previous section.  The extraction
percentage (%E) was calculated using Eq. (1).

Uptake capacity of Pb2+ by the investigated isolate

To study the Pb2+ uptake capacity of the bacterial
isolate, different concentrations of Pb2+ (0.1-5
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mmolL-1) were set to the most favorable pH value
and transferred to the optimum bacterial mass. Then
samples were vortexed for 5 minutes and incubated
overnight at 30 ± 2 0C. The uptake capacity, qeq
(mmol.g-1) amount of Pb2+ taken up per unit of mass
of bacterial pellet was calculated using the following
Eq:

qeq= ((Ci–Ceq)×V)/m    Eq. (2)
In Eq. (2), V denotes the sample volume (mL), ci

and ceq are the initial and equilibrium Pb2+

concentrations (mmolL-1) respectively, and m is the
amount of the bacterial pellet used.

Kinetics of the lead removal process

To study the kinetics of lead (II) bioaccumulation
process, optimal experimental conditions were
applied but at different time intervals (5, 20, 30, 60,
120, and 1440 min), qeq (mmol g-1) was calculated
using Eq. (2), half-life values for lead(II) removal
were determined from the plots of the bacterial
isolates uptake capacity (qeq) vs the time in minutes.

RESULTS AND DISCUSSION
Analysis of tannery effluents

The five collected samples were analyzed for their
electrical conductivity (EC), pH and lead
concentration values and are shown in Table 1. All
the studied parameters were found greater than the
standard permissible limit (Inland Surface Water-
Bangladesh Standard 1997; Indian Standard
Institute–2000; National Environmental Quality
Standards 2000). Thus microorganisms that were
able to grow and tolerate such toxic values of lead
are more likely to play a role in bioremediation of
this heavy metal. Further experiments on bacterial
isolation and characterization from these samples
have been done and are detailed below.

Screening of lead (II) tolerant Alkaliphilic
bacterial isolates

A total of ten bacterial isolates were isolated from

tannery effluents and were studied for their ability
to tolerate Pb2+. Only three bacterial isolates showed
tolerance and growth in culture medium
supplemented with Pb (NO3)2. Thus these three
isolates (A1S2, A1S5 and A1Ext) were checked for
their maximum tolerance concentration to Pb2+ by
broth micro dilution assay. The bacterial isolates
A1S2, A1S5 and A1Ext were found to tolerate up to
500 ± 0.0, 250 ± 0.0 and 1000 ± 0.0 mg L-1 Pb2+

respectively (Fig. 1). Previous reports have stated a
lead tolerance range of 100 to 2200 mg L-1 by
microorganisms (Amoozegar et al., 2012; Gupta et
al., 2012; Suriya et al., 2013; Oves et al., 2013; El Baz et
al., 2015 and Kalita and Joshi, 2017). Thus, A1Ext
that exhibited highest tolerance to Pb2+ was chosen
for further studies.

Fig. 1. Maximum tolerance concentration (mg L-1) of
isolated alkaliphilic bacteria to Pb2+

Morphological, biochemical and molecular
characterization of the Pb2+ tolerant bacterial isolate

The selected bacterial isolate A1Ext was
characterized and identified at the morphological
and biochemical levels. A1Ext isolate was gram
negative, motile and rod shaped. The isolate was
positive for catalase, oxidase, lipase, gelatinase,
protease and amylase enzymes but wasn’t able to
produce cellulase and pectinase. It showed a

Table 1. Physicochemical properties of tannery effluents

Parameters S1 S2 S3 S4 S5 Standard Permissible Limits
ISI NEQS ISW-BDS-

(2000) (2000) ECR (1997)

EC (mS/cm) 39.40 22.11 84.80 67.10 53.20 0.85 0.288 -
pH 7.72 8.63 12.30 12.17 10.20 6-9 6-9 6-9
Lead (mgL-1) 12.10 7.50 15.87 22.45 26.00 - 0.5 0.05

ISI-2000 =Indian Standard Institute–2000, NEQS (2000) = National Environmental Quality Standards-2000, ISW-BDS-ECR
=Inland Surface Water-Bangladesh Standard.
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negative result for Voges-Proskauer, citrate
utilization, urea hydrolysis, indole and H2S
production. Then A1Ext was further identified at the
molecular level and was subjected to 16S rRNA gene
sequence analysis. The bacterium showed a
maximum homology with Halomonas species. The
sequence of 16S rRNA of strain A1Ext was
submitted to Gen-Bank (GenBank accession number
MK 478810). A similar search was performed by
using the BLAST program that indicated a 99%
similarity of strain A1Ext with the rRNA sequence of
Halomonas alkalicola strain CICC 11012s in NCBI
database. A phylogenetic tree presented in Fig. 2
illustrates the maximum similarity of the isolate
with the other 16S rRNA sequences of relevant
Halomonas species. Tang et al. (2017) stated that
Halomonas alkalicola is an alkaliphilic, moderate
halophilic non-spore forming Halomonas species,
catalase and oxidase positive with incubation
temperature range of 15-37 oC.

This fully identified isolate was investigated for
its Pb2+ removal mechanism along with the
optimization of this mechanism in the following
sections.

Conductivity and FTIR analysis

Conductivity of Pb2+ aqueous solution (0.1 mmol L-

1) was measured at t=0 before the addition of
bacterial pellet and during the incubation with the
haloalkaliphilic bacterium Halomonas alkalicola Ext at

pH 10. The conductivity value decreased within 18
hours of incubation and after that no change was
observed (Fig. 3). This decrease in conductivity can
be explained as removal of Pb2+by the bacterial
isolate. In order to understand better the kind of
bacterial functional groups involved in the Pb2+

removal process, FT-IR analysis of Halomonas
alkalicola Ext biomass samples was carried out. The
FTIR spectra of unloaded and Pb2+ loaded biomass
are presented in Fig. 4. The assignment of the bands
was referred to the data available for the relevant
functional groups. In the infrared spectrum of Pb2+

free cells, a broad band including O-H or N-H
appeared at 3440 cm-1, C-H stretchinghad a broad

Fig. 2. Phylogenitic tree showing the isolate Halomonas alkalicola Ext position and related organisms of
Halomonas genus based on 16S rRNA gene sequence.

Fig. 3. Electrical conductivity curve of Pb2+ solution before
and after being interacted with Halomonas alkalicola
Ext at 30 ± 2 oC (Error bar represents means±SD).
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band at 2910 cm-1, C=O of amide band was
assignedat 1630 cm-1. Furthermore, the weak band
located at 1040 cm-1 represented C-O vibration
which is a polysaccharides characteristic peak. The
IR spectrum of Pb2+ loaded cells revealed a shifting
of band at 1040 cm-1 which was attributed to the
interaction of the metal species with the C-O group.
Additionally, there was a slight increase in the
transmittance of the band at 3440 cm-1 due to the
involvement of O-H or N-H groups. It was found
that due to the interaction of Pb2+metal ions with the
functional groups on the bacterial biomass, the
transmittance of the peaks might shift to lower or
higher frequencies. These results were in accordance
with previously reported studies (Norton et al.,
2004; Lodeiro et al., 2006; Tunali et al., 2006; Gabr et
al., 2008; Giotta et al., 2011). However, at this level
we weren’t able to determine the removal
mechanism of the metal species by the investigated
bacterial isolate so further checking of the location of
Pb2+ in the bacterial cell was done.

Localization of Pb2+ within the investigated
haloalkaliphilic bacterium using transmission
electron microscope

The location of Pb2+ within the bacterial cell was
evaluated by transmission electron microscope
before and after lead loading (Fig. 5A and B). The
control cells before the exposure to Pb2+displayed a
relatively regular cell shape with a smooth cell wall.
After the exposure, the lead treated cells showed an
uneven and irregular cell surface containing black
dots that represent the precipitated metal.
Furthermore, the metal was present in the
cytoplasm of Halomonas Alkalicola Ext cells
indicating its bioaccumulation (arrow). Several
studies reported the intracellular uptake of Pb2+by

bacterial cells (Ezzouhri et al., 2010; Muñoz et al.,
2015; Chen et al., 2015).

Factors affecting Pb2+ removal by the bacterial
isolate

The results obtained showed that Halomonas
alkalicola Ext can be used for the removal of Pb2+

from aqueous solutions. In addition to its isolation
from heavily lead contaminated waste water (26.00
mgL-1) which make this bacteria a good candidate
for lead detoxification.

Effect of bacterial biomass on leadremoval process

The amount of biomass is an important parameter
affecting lead removal process. As shown in Fig 6,
the Pb2+removal percentage increased with the
increase in the biomass of Halomonas alkalicola Ext.
The highest uptake was found at the biomass weight
of 0.1 g and beyond this biomass value (0.25 to 0.75
g) the removal percentage remained stable. Thus the
optimal biomass that showed highest Pb2+ removal

Fig. 4. FT-IR spectra of Halomonas Alkalicola cells and Pb2+treated cells displaying the most important bands on
the bacterial surface

(A) Control (B) Pb2+ treated cells
Fig. 5. Transmission electron micrographs of Halomonas

alkalicola, Ext (A) control untreated cells and (B)
cells treated with 0.1 mmol L-1Pb2+.  Red arrows
show the intracellular accumulation of Pb2+ in the
bacterial cells.

(B) Pb2+ treated cellsA
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from aqueous solution of 10 mL volume was 0.1 g.
This behavior could be explained as the occurrence
of competition among the cells that increased as
amount of biomass increased leading to decrease in
the effectiveness of the surface area having the
binding sites. The obtained results were in
agreement with previous studies who reported that
further increase in biomass concentration has no
significant increase on metal removal efficiency
(Cho et al., 2004; Masoudzadeha et al., 2011; Abdel –
Aty et al., 2013; Chen et al., 2015).

alkaline (Fig. 7). Thus the optimum condition for the
removal of Pb2+ by Halomonas alkalicola was observed
at pH 10 (Ma et al 2007 and Mary Mangaiyarkarasi
et al., 2011). This result confirm that the bacterial
isolate favors the alkaline condition for the
extraction of Pb2+ compared to neutral or acidic
conditions.

Lead bioaccumulation capacity by Halomonas
alkalicola

The data in Fig 9 represents the effect of initial metal
concentration on the removal capacity of the
bacterial isolate. The uptake capacity of the biomass
increased with increasing Pb2+ metal ion
concentration. However, at higher Pb2+

concentrations the uptake capacity remained
constant. This could be attributed to the fact that
higher heavy metal concentration is toxic to the
bacterial cells during the 24 hr incubation period.
The obtained result was in agreement with the
previous studies reported by Chen et al., 2015 and
Shao et al., 2019. Notice that, the bacterial isolate has
consumed its need from the metal ion in the studied
time interval.

Fig. 6. Bacterial biomass effect on Pb2+ extraction by
Halomona salkalicola Ext (initial concentration
0.1mmol.L-1; pH 10) incubated at 30 ± 2 oC.

Fig. 7. Effect of pH on the extraction of Pb2+ at initial
concentration 0.1mmol.L-1 by Halomonas alkalicola
Ext isolate incubated at 30 ± 2 0C (Error bar
represents means±SD).

Effect of pH

Microorganisms grow in a specific range of pH so
the initial pH for growth is one of the major factors
influencing heavy metal ions removal from aqueous
solutions by bacterial biomass. The Pb2+ removal
percentage was low at acidic near neutral pH (pH of
6 and 7) and increased when the pH was getting Fig. 8. Pb2+ bioaccumulation capacity (mmol g-1) of

Halomonas alkalicola Ext isolate incubated at 30 ± 2
0C (Error bar represents means±SD).

Fig. 9. The uptake of Pb2+ by Halomonas alkalicola Ext
isolate at different contact time at 30 ± 2 0C
incubation temperature (Error bar represents
means±SD).
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Kinetics of the removal process

The effect of the Pb2+ uptake kinetics by Halomonas
alkalicola Ext was also determined and shown in Fig
9. It was noted that the uptake of Pb2+metal ions
occurred in two phases: an initial fast metal uptake
followed by slow uptake. This result demonstrates
that lead uptake take place by two mechanisms:
passive binding to cell surface and intracellular
accumulation. Other studies also reported similar
results (Wierzba and Latala, 2010, Abdel-Aty et al.,
2013, Muñoz et al., 2015; Fadel et al., 2017). These
results agreed with the results described in section
3.5.

CONCLUSION

The potential of halo alkaliphilic bacterial isolate to
remove lead (II) ions from aqueous solution was
investigated in the present study. The bacterial strain
isolated from wastewater of tannery industries was
able to tolerate up to 1000 mgL-1 of Pb2+ and to
remove the Pb2+ ions from aqueous solution by
bioaccumulation. The mechanism of the removal
process was confirmed using conductivity
measurements, FTIR and TEM. Conductivity and
FTIR revealed the interaction between Pb2+ and the
functional groups on the bacterial cell surface. TEM
showed the accumulation of the metal ion inside the
cell. The optimum operating parameters was proved
to be at bacterial biomass of 0.1 g, pH range of 9-10
and incubation temperature of 30 ±2 oC. Both
intracellular accumulation and extracellular
absorption may play important roles in the removal
of Pb2+ at lower concentrations since higher levels of
Pb2+ could be toxic for the living bacterial cell. Based
on the results, this halo alkaliphilic bacterial isolate
could be used as a promising, cheap and eco-
friendly biosorbent for bioremediation of Pb2+

polluted wastewater with alkaline pH.
Bioremediation using extremophiles should be
further explored since they have the ability to adapt
to changes in their environmental surroundings.
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