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Nano-magnetite was successfully immobilized onto the isolated lead resistant
bacteria species using co-precipitation technique to synthesize novel nano-magnetic
bacterial bio-composite material. This isolated bacteria was identified as Enterobacter
sp. B2 under accession number KT213696. Scanning Electron Microscope micrographs
implied that the magnetite nano-particles were dispersed onto the surface of bacteria.
The magnetic properties of magnetic bio-composite material were determined using
Vibrating Sample Magnetometer (VSM). VSM evident that the bio-composite is
characterized by its supermagnetic properties with 50.8 emu/g saturation magnetization
that facilitate the material handling and separation. The feasibility of the novel synthesized
magnetic bio-composite material for lead decontamination was explored against the
variation of the processing parameters during the bioremediation process. The results
elucidated that the equilibrium of lead bioremediation process achieved 90.5% within 60
minutes with bio-composite dosage of 0.1 g. The increments of both initial lead
concentration and solution temperature have negative impact on the bio-remediation
process.

Keywords: Magnetic immobilized bacteria; Enterobacter sp.;
Bio-composite; Lead removal; Bioremediation.

Heavy metals are the main toxic
substances in most of industrial wastewater and
are highly lethal to human beings and other water
and soil living things. Heavy metal pollutionisa
serious environmental problem. Anthropogenic
activities and the rapid development of many
industries such as mining operations, surface
finishing, energy and fuel production, fertilizers,
pesticides metallurgy and the discharge of
industrial wastes haveresulted in the accumulation
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of metals in the environment and the food chain,
bringing about serious environmental pollution,
threatening ecosystems and human health? 2.
The occurrence of heavy metalsin water
environment is known to cause acute destruction
toagquaticlife, besidethefact that these metalskill
microorganisms during biological treatment of
wastewater with a subsequent delay of the bio
treatment process. Most of the heavy metal salts
are soluble in water and form agueous solutions
and consequently cannot be separated by
conventional physical means of separation®.
Lead (Pb), amajor heavy metal pollutant
that is found in soil, water and air. This metal is
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considered as a hazardous waste and highly toxic
to human, animals, plants and microbes*. The
toxicity of Pb(I1) isdueto conformational changes
of nucleic acids and proteins, inhibition of enzyme
activity, disruption of membrane functions and
oxidative phosphorylation, aswell asimpairing the
cell osmotic balance. Pb(11) also shows astronger
affinity for thiol and oxygen groupsthan essential
metals such as calcium and zinc®.

L ead inhibits some enzymatic processes
involved in heme synthesis, so the el evated blood
lead concentrations have been associated with
anemiadueto the reduced hemoglobin synthesis>
8. Moreover, increased blood lead levelsare linked
torenal failure®®, Exposureto lead contamination
during early childhood has been its association
with mental retardation and has been proven to
affect intelligence of children even in low
concentration 12,

Several methods have been
conventionally applied for removal of heavy metals
from wastewater such as precipitation, floccul ation,
adsorption to suspended solids during primary
sedimentation or adsorption to extracellular
polymers, ion-exchange and filtration®®,

Many microorganisms, such as algae,
yeast and bacteria can absorb dissolved metals
from their environments onto their bodiesand can
be used for removing heavy metal ionseffectively.
Microorganisms uptake metals either actively
(biocaccumulation) and/or passively (biosorption).

During the last few decades, biological
methods such as biosorption and biocaccumulation
for theremoval of thetoxic heavy metal ionshave
been extensively studied’>*". Biosorption of heavy
metalsby microbial cells(inactivated algal, fungal
and bacterial biomass) has been known as a
prospective alternate to existing technologies for
recovery of heavy metals from industrial waste
streams. Most studies of biosorption for metal
removal haveinvolved the use of either [aboratory
grown microorganism or biomass produced by the
pharmacology and food processing industries or
wastewater treatment units *8, Moreover, the
ability of microbial stainsto grow in the presence
of heavy metalswould be helpful inthewastewater
treatment where microorganisms contributein the
degradation of organic matter in biological
processes for waste water treatment°2°,

Heavy metal resistant Microbes can
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detoxify the metals by reducing its bioavailability
through different mechanisms such as;
precipitation of metals as phosphates, carbonates
and/or sulfides; volatilization via methylation or
ethylation; physical exclusion of electronegative
components in membranes and extra cellular
polymeric substances (EPS); energy-dependent
metal efflux systems; and intra cellular
sequestration with low molecular weight, cysteine-
rich proteins®*?,

In recent decades, many literatures have
reported the correl ative advancement on the heavy
metal treatment by immobilized microorganisms.
Some ideal results have been acquired in
wastewater treatment with immobilized methods®.
However, as far as separation is concerned, this
method needs to be upgraded to satisfy the
commercial application. Magnetic particles have
been applied as a new sorbent to adsorb metal
ions, in which the difficulty of separation was
resolved in an external magnetic field*.

In this study, a lead resistant bacterium
was isolated and identified. The bacterial isolate
was able to remove up to 100 ppm lead from
contaminated waste water. The isolated lead
resistance bacteria species was immobilized with
magnetic nano-particlesto synthesize novel nano-
magnetic bacterial bio-composite material. Thisbio-
composite material characterized by its facile
handling at the water purification processes
regarding to its magnetic properties. The lead
bioremediation efficiency of this novel magnetic
bio-composite was compared with that of the free
bacterial species from the polluted synthetic
wastewater. Moreover, the different parameters
affecting on the lead bioremediation processusing
nano-magnetic bacterial bio-composite material
was examined.

MATERIALS AND METHODS

I solation of L ead (Pb?") resistant bacteria

Soil sampleswere collected from polluted
soil near the tannery effluent of tanning company.
Ten gram soil polluted was inoculated into Fifty
mL LB medium[25] containsin g/L : tryptone,10;
NaCl, 5; and yeast extract, 5; supplemented with
50 ppm lead and incubated for 48 h at 30°C and
150rpmin ashaking incubator. One mL from each
culturewastransferred into LB medium amended
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with 100 ppm lead and incubated for 48 h at 30UC
in a shaking incubator. Several sequential
subculturesin LB medium amended withincreasing
lead concentration concentrations 20, 40, 60, 80,
100, 120, 140 ppm were donewith incubation for 48
h at 30UC 150 rpm in ashaking incubator to select
the highest resistant bacteria, morphologically
different colonieswere streaked on LB agar plates
(1.5% agar) for purification before being inocul ated
into the liquid medium to check their decol orizing
ability. The bacterial isolates with the strongest
resistance ability given a prefix of “B1, B2, and
B3". Then the purified isolates were preserved in
mixture of LB medium and glycerol at -20UC.
I dentification of thebacterial isolate

The most resistant bacterium B2 was
selected for identification on molecular level using
16SrRNA gene sequencing. Genomic DNA was
isolated from an overnight 5 mL LB culture
according to standard method of Sambrook?.
16SrRNA wasamplified using theuniversal primers
5'-AGAGTTTGATCMTGGCTCAG-3' and 5'-
TACGGYACCTTGTTACGACTT-3' based onthe
16SrRNA gene of E. coli. The PCR mixture
consisted of 25 pmol of each primer, 10 ng of
bacterial genomic DNA, 200mM dNTPsand 2.5U
of Tag polymerasein 50 pl of polymerase buffer.
The PCR was carried out for 30 cycles of 94UC for
1 min, 53UC for 1 min and 72UC for 2 min. After
completion of the PCR, afraction of the PCR product
was examined using agarose gel and the remnant
was purified using GenElute™ PCR Clean-Up Kit.
The 16SrRNA genefragment (1500 bp length) was
sequenced and DNA similarities were assessed
using Blast program (www.nchi.nlm.nih.gov/blast).
The molecular phylogeny was performed using
Blast Tree View (www.nchi.nlm.nih.gov/projects/
treeview).
Biomassproduction

Overnight preculture was prepared by
inoculation of asingle colony of bacterial isolate
B2into 30 mL sterileLB medium. Thegrown culture
was used entirely to inocul ate the main culture (3L
of LB medium) in order to obtain enough biomass.
The culture was incubated at 30UC and 160 rpm
for 24 h. The biomass was collected by
centrifugation of the cultureat 3500 rpmfor 30 min
at 4UC. The supernatant was decanted and the
cellswere collected and lyophilized.
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Immobilization of isolated biomassto synthesize
the nano-magnetic bacterial bio-composite
material

Five gramsfrom the lyophilized biomass
wasdispersedin 150 ml solution composed from 5
mmol ferrous sulphate and 12 mmol ferric chloride.
Thirty mL ammoniasolution (5 mole/L) wasadded
drop wiseinto the previous solution mixture with
continuous stirring at 60UC. After completeness
of the ammonia solution addition, a black
precipitate from magnetite particleswas appear at
the reaction solution onto the suspended
lyophilized biomass. Subsequently, the stirring and
heating were turned off and the black magnetic
precipitate was separated using external magnetic
field. The separated powder slurry was washed
several times with deionized-distilled water and
dried at 30UC using vacuum oven. The dried
magnetic bacteria powder material was stored at
dissector to be utilized at the water treatment
process.
Char acterization of nano-magnetic bacterial bio-
compositematerial

In order to confirm theimmobilization of
theisolated bacteria biomass with magnetite nano-
particles, XRD and SEM of the prepared nano-
magnetic bacterial bio-composite were examined.
The crystalline structural of both the isolated
biomass and the magnetic bio-composite were
determined using X -ray diffractometry (Schimadzu-
7000 diffractometer) that containsacopper target.
Data were collected between 10U and 80U in 2.
The binding characteristic was determined with
the aid of transform infrared spectrophotometer
(Shimadzu FTIR-8400 S). The sample/KBr mass
ratio used for the preparation of the diskswas 1:100.
They were grinded together in mortar and
encapsulated for prepared translucent sample
disks, then detected using FTIR. The scanning
€l ectron microscope (JEOL JSM-6360LV) wasused
to take pictures of the magnetic biomass at
different magnifications. One drop from the free
biomass suspension was added at glass substrate
and other drop from the magnetic bio-composite
matrix was added at another glass substrate. The
two glasses substrates contains the biomaterials
were dried for 24 h at 25UC using vacuum oven.
After completethe drying process the two glasses
were sputtered by gold target and supported on
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the copper holder for examination. Finally, the
magneti zation properties of the prepared magnetic
bio-composite were determined at room
temperature using Vibrating Sample M agnetometer
(VSM, Dexing, Model:250) in therange of -5000to
50000e.
Bioremediation monitoring process for lead
decontamination using batch mode

Thelead bioremediation behaviors of the
free biomass before and after magnetite
immobilization were compared using batch
technique to determine the effect of magnetite
immobilization process. The most proper matrix
either free biomass or magnetic bio-composite that
recorded the highest lead bioremediation will be
selected as an efficient matrix for monitoring the
influence of bioremediation processing parameters
onto the matrix lead sorption efficiency. Various
materials dosages (0.01g-1g) from either free
biomass or magnetic bio-composite were mixed
separately with 25 ml synthetic waste lead solution
with initial concentration of 100 ppm at 100ml
stopper conical flasks using shaking water bath.
Thelead solution was maintained at pH 7 and 22UC
under continuoussstirring at 100 rpm for 2 h. After
finishing the mixing period, the solid adsorbent
material matriceswere separated and the remaining
concentrations of |ead solutions after the treatment
process were determined using atomic absorption
spectrophotometer (Shimadzu, AA-7000). Inorder
to optimize the treatment processing parameters
for lead bioremediation process using the novel
nano-magnetic bacteriaB2 bio-composite materid,
the experimentswere done at the same previously
described batch mode manner at 100 ml stopper
conical flasks using shaking water bath 25 ml of
lead solution at constant initial concentration was
mixed with specific weightsfrom the magnetic bio-
composite material and shaking at variousintervals
under determined solution pH and temperature.
Theinitia pH of the lead solution was adjusted to
theinitial desired valuesof 1, 4, 6, 8 and 10 using
either HCI or NaOH solution to eval uate the effect
of pH on the lead bio-remediation process. The
shaking interval period studied over the range 5-
150 min. The initial lead ion concentration was
changed at studied range10- 500 ppm. Thevarious
utilized bio-composite material dosageswerefrom
0.05- 1.5¢. Finally the lead solution temperature
was adjusted using shaking waster batch at the
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range 15- 85UC. After finishing themixing time, the
magnetic bio-composite powder material was
separated from the treatment media using external
magnetic field and the remaining lead ion
concentration was determined using atomic
absorption spectrophotometer (Shimadzu, AA-
7000). The percentage of lead ion bio-remediation
was cal culated using the following equation:

% lead bio-remediation = (Ci-Cf)/ Ci

Where, Ci: istheinitial lead ion concentration at
the solution and Cf: isthefinal and remaining lead
ion concentration at the solution after treatment
process.

RESULTS AND DISCUSSION

Isolation and identification of lead resistant
bacteria

Several lead resistant bacterial isolates
were isolated from the enrichment and sequential
subcultureswith different lead concentrations. The
best lead resistant isolate, B2, which was able to
grow in the presence of up to 100 ppm Pb(I1), was
selected for further work and identification. The
genomic DNA was purified and the PCR product
of the 16srRNA gene (1500bp) was sequenced.
Subsequently, the sequence has been deposited
in the GenBank with the accession number
(KT213696) and aligned against the GenBank
database. The closest known sequence in the
database was Enterobacter sp. with 99% similarity
to the bacterial strains. The Phylogenetic
relationship among the tested isolate and the
closely related species was analyzed using Blast
TreeView asshowninFig. 1.
Char acterization of nano-magnetic bacterial bio-
compositematerial

The best lead resistant strain (B2) was
lyophilized and immobilized with magnetite nano-
particlesto synthesi ze nano-magnetic bacteriabio-
composite material that characterized by its
magnetic properties. This magnetic property
facilitates its handling at the water purification
process through utilization of external magnetic
field asindicated in Fig. 2. The physico-chemical
properties of the magnetic bio-composite were
determined using various characterization
techniques.

SEM micro-graphsof both free biomasses
B2 before and after magnetiteimmobilization were
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Fig. 1. Phylogenetic relation 16S rRNA sequence of the Pb?* bacterial strain (Enterobacter sp. B2) with 16SrRNA
of closely related bacteriain the GenBank database. The dendogram was generated by the nei ghbor-joining method
using Blast Tree View

Fig. 2. Facile separation of nano-magnetic bacteriabio-
composite using external magnetic field

compared at Fig. 3. It was evident from Fig. 3(A)
that the isolated Enterobacter sp. Species have
rod-like shape and this shape was maintained after
magnetic immobilization without any distortion.
However, small dark spherical spotswere observed
at the magnetiteimmobilized biomassas shownin
Fig. 3(B). These spherical dark spotsrepresent the
magnetite nano-particles that were immobilized
onto the bacteria surface with average diameters
of 40nm. These SEM images confirm the
immobilization of magnetite nano-particles onto
bacteria surfaceto attain the novel nano-magnetic
bacteriabio-composite material.

In order to compare the surface nature of
the free biomasses B2 before and after magnetite

Fig. 3. SEM mocrographs of (A) free biomasses B2, (B) nano-magnetic B2 bio-composite
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Fig. 4. FTIR spectrums of (A) free biomasses B2, (B) nano-magnetic B2 bio-composite
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Fig. 6. Magnetic properties of prepared nano-magnetic B2 bio-composite
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Fig. 8. Effect of contact time on the lead removal by nano-magnetic B2 bio-composite. (pH=7, magnetic B2
dosage=0.1 gm, initial lead concentration=100 ppm and solution temp.=22UC)

immobilization, the FTIR spectroscopy method was
used to characterize the surface functional groups
to identify the magnetite binding characteristic of
the bio-composite. As seen in Fig. 4, the FTIR
spectrum of free biomass displays a number of
absorption peaks, reflecting the complex nature of
the biomass. The spectrum pattern of the free
biomass showed changes of certain bands in the
region of 1575-527 cm'* as compared magnetite
immobilized B2 at the bio-composite®. It was
observed at thetwo FTIR spectrumscharacteristics
band around 1546 cm™ that is indicative of C—N
stretching and N—H deformation. The broad band
at 3297.30 cm't was assigned for the existence of
OH at both free bacteriaand magnetic composite.

The peak at 1640.20 cm't ismainly attributed to C-
O stretching that can be regarded to amide | and
amidell bands of protein peptide bonds at bacteria
strain?. There was also clear that aromatic -CH
stretching peak at 902 cm'* was assigned for free
biomass B2 that was disappeared after magnetite
immobilization at the bio-composite?®. Two intense
peaks were detected at nano-magnetite bacteria
bio-composite at 845 and 615 cm® band, which are
dueto the stretching vibration mode associated to
the metal-oxygen absorption band (Fe — O bonds
in the crystalline lattice of Fe,O,) that was
immobilized at the magnetic bio-composite . So,
the FTIR spectrums confirm the formation of the
nano-magnetic bacteriabio-composite.

J PURE APPL MICROBIO, 10(4), DECEMBER 2016.
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Fig. 9. Effect of initial lead ion concentration on the efficiency of nano-magnetic B2 bio-composite for lead
removal. (pH=7, magnetic B2 dosage=0.1 gm, contact time=60 min and solution temp.=22UC)
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Fig. 10. Effect of nano-magnetic B2 bio-composite dosage on lead removal (pH=7, initial lead concentration=100

ppm, contact time=60 min and solution temp.=22UC)

After confirming theimmobilization and
binding of magnetite nano-particles onto the
bacteria to prepare novel nano-magnetic bacteria
bio-composite, the physico-chemical properties of
this bio-composite were examined using XRD and
VSM analysis. In order to assign the crystalline
structure of the prepared nano-magnetic bacteria
bio-composite, XRD of the material was
investigated at Fig. 5. It can be seen from the Figure
that the bio-composite hasalmost semi-crystalline
structure and there are some characteristic peaks
with some degree of intensity were observed at
XRD spectrum. In order to identify these peaks,
the XRD pattern was compared with the standard
pattern of magnetite JCPDS Card No. (79 - 0417).
Theanalysis of the diffraction pattern showed the
formation of acubic spinel structure of Fe,O,, due
to the strongest reflection that proceeds from the
(311) planeat 2, = 35.4°, which ischaracteristic of

J PURE APPL MICROBIO, 10(4), DECEMBER 2016.

such phase®. The other peaks indexed as planes
of cubic crystal of iron oxide Fe,0, (220), (400) and
(511) are assigned for peaks present at 2, = 30.5°,
43° and 48° respectively. Therefore, it was
confirmed about the presence of the crystalline
structure of immobilized magnetite nano-particles
onto the magnetic bio-composite.

The magnetic properties of the novel
prepared of nano-magnetic B2 bio-compositewere
explored using VSM analysisat room temperature.
Fig. 6 evident that the magneti zati on curve showed
any hysteresis behavior and it exhibits
immeasurable values of coercivity field and
remnant magnetization. The Figure showed that
the magnetization is compl etely saturated at value
of 6.8 emu/g and theratio of saturation remanence
to saturation magnetization (Mr/Ms) is 0.049.
Therefore, the prepared magnetic B2 bio-composite
material was characterized by its super-magnetic
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that facilitates its handling during the water
purification process using magnetic field*.
Adsor ption behavior of free Enterobacter sp. B2
and nano-magnetic B2 bio-composite

To ensure that loading of the bacteria
with nano-magnetic particlesdid not inhibit its P?*
adsorption capacity, the removal of lead ions (100
ppm) by the bacterial strain Enterobacter sp. B2
was tested before and after immobilization with
nano-magnetic particles. Similar adsorption
behavior of both free bacteria and nano-magnetic
B2 bio-composite was found using different doses
for 2 h as a contact time at pH 7 and 22UC as
shown in Fig. 7. The results showed that the free
andimmobilized B2 havethe samebehaviorinlead
removal. Similarly Li et al. (2009) [32] showsthat
the production of 2-HBP by free cells and Fe,O,-
coated cells were capable of biodesulfuriztion of

% of Lead remyoval

U
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dibenzothiophene (DBT) to 2-hydroxyhbiphenyl (2-
HBP) demonstrated similar time courses and
desulfurizing activities during the reaction. The
immobilized cellswere successfully reused for BDS
over seven batch cyclesbut the uncoated free cells
could be used only once.
I nvestigation of adsor ption parameters

The adsorption process of lead on nano-
magnetic B2 bio-composite has been discussed
considering the effect of different factors.
Effect of contact time

The effect of different contact timesfrom
5 to 150 min on the sorption of Pb?" by nano-
magnetic B2 bio-composite was showed that the
removal of Pb?" increased exponentially by
increasing the contact time (Fig. 8). During thefirst
60 min, therewasasharp increase of the adsorption
capacity where 90% of the Pb?* wasremoved. After

55 65 5 a5

Solution temperature ["C)

Fig. 11. Effect of solution temperature on the lead removal by nano-magnetic B2 bio-composite (pH=7, magnetic
B2 dosage=0.1 gm, initial lead concentration=100 ppm and contact time=60 min)
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Fig. 12. Effect of initial solution pH on the lead removal by nano-magnetic B2 bio-composite (Magnetic B2
dosage= 0.1 gm, initial lead concentration=100 ppm, and contact time=60 min, solution temp.=22UUC)
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60 min the Pb?* removal capacity increased slowly
by increasing the contact time up to 150 min, after
120 mintheremoval capacity was95% whileit was
98% after 150 min. Therefore, 60 minwas selected
asthe optimum timefor sorption of Pb?* under the
selected experimental conditions. In consistent
with our findings, Elkady et al., 2011; Abou-
Mesalam, 2004*3 found that the adsorption of
metal ions such as Cd?* and Pb?* from agueous
waste sol utions on inorganic ion exchange material
increased exponentially by increasing the contact
time. Moreover, aimost 90% removal percentage
of Pb*" was achieved after 60 min.
Effect of initial lead ion concentration

The effect of different Pb? initial
concentrations (from 10to 500 ppm) on theremoval
percentage and the removed amount of lead ions
was illustrated in Fig. 9. It was observed that the
Pb?" removal percentageisinversely proportional
with theinitial Pb?* solution concentrationswhich
reachto 76.5% at maximum concentration 500 ppm.
Accordingly initial lead ion concentration of 100
ppm was selected as the optimum concentration
according to the experimental conditions where
90.5% of Pb?** wasremoved by the nano-magnetic
Enterobacter sp. B2 hio-composite. This may be
attributed to the increase of adsorbed Pb?*" ions
onto the external surface of the bacteria which
increasessignificantly itslocal concentration. This
leads to the formation of Pb?* clouds on the
bacterial surface which hinders the diffusion of
further lead ions and decreases the rate of ion
exchanges through the bacterial surface. This
explanation iscompatiblewith the findings of Pons
et al. (1993)* about the ‘screening effect’ of the
outer layer inthemicrobial cellsresultinginalower
metal uptake at higher concentrations.
Effect of nano-magnetic B2 bio-compositedosage

Adsorbent dosage is one of theimportant
parameters of adsorption. The effect of different
magnetic B2 dosage (from 0.05to 1.5 g) indicated
that, the removal percentage of Pb?" by using 0.1g
of B2 bio-composite was about 90% however, by
increasing the dose of the bio-compositeupto 1.5
0, theremoval of Pb?" slightly improved by about
10% only asillustratedin Fig. 10. Sothe0.1g of the
bio-composite was selected for further work to
economizethe bacterial biomassand itsresult (90%
of lead removal) is suitable to know the effect of
other parameter. It was found that increasing the
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adsorbent dosage with fixed metal ion
concentration provided more available area and
the number of exchangeabl e sitesfor sorption and
exchanging metal ions increased. This leads
consequently to increase the extent of metal ion
removal®. The studies done by many references
were in agreement or had the same trend with our
own findings®3738,
Thermal effect

The effect of solution temperature
variation (15- 85UC) on theremoval percentage of
Pb?"was presented in Fig. 11, which reveal ed that
the percentage of Pb? removal was inversely
proportional with the solution temperature. The
optimum temperature for Pb?* removal was the
ambient temperature (25UC) where Pb?* removal
percentage was about 90%. However, equilibrium
sorption studies for temperature effect revealed
that temperature elevation improves ion sorption
for several studied sorption processes using
chemically prepared ion exchangers®. But by using
immobilized bacteria (nano-magnetic B2 bio-
composite) may effect ontheactivity of it to absorb
the metal, nevertheless, using the ambient
temperature is an advantage, as it avoids energy
input for heating which make the treatment process
more practical and economical.
Effect of initial solution pH

It is well known that metal sorption
increased with increasing pH because of the
competition between protons and heavy metals at
low pH. At low pH, thecell surfacesitesarestrictly
linked to the protons, in that way they are
unobtainable for other cations. However, with an
increasein pH the surface sitesare availableto the
cations®“, Therefore, selecting the different pH
values(1, 3,5,7,9, 11) of the solution for achieving
maximum productivity in the removal of pb* by
nano-magnetic B2 bio-compositeisimportant. The
revealed datawasshowninFig. 12. It wasobserved
that the sorption of pb*? onto nano-magnetic B2
bio-compositeincreased with the increasing of the
initial pH up to 5 and approaches a plateau at pH
range 5-11 and itsremoval percentage was about
90%. Similarly Etemadifar et al. (2014)* found that
the pH 6.84 isthe optimal pH for the bioconversion
of dibenzothiophene (DBT) to 2-hydroxybiphenyl
(2-HBP) in oil model by nanomagnet immobilized
Rhodococcus erythropolis R1. In additionally
Wang and Chen (2006) and Blackwell et al.
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(1995)#24 proved in their result that the highest
adsorption occursat pH rangesfrom4—8whichis
widely known asbeing optimal for metal sorption
of almost all types of biomass.

CONCLUSON

The bacteria cell competent to absorb
lead was isolated and identified as Enterobacter
sp. B2. The isolated bacteria biomass was
immobilized by nano-particles and set by using
nano iron to form nano-magnetic bacterial bio-
composite materia. Thishiocomposite materia was
characterized using X-ray Diffraction (XRD),
Fourier Transform Infrared (FTIR) and Scanning
Electron Microscope (SEM) to emphasis the
crystalline, chemical and morphological structures
of it. The optimum conditionsfor lead removal by
magnetic B2 bhio-composite was monitored to
achievethe superlative absorbed material for lead
bioremediation to reach 90% removal at 100 ppm
of lead using 0.1 g nano-magnetic B2 bio-composite
at pH 7 and 22UC within 60 min. The using of
magnetic bio-composite material represents an
innovative process for metal removal from
industrial effluent with great adeptness, separation
and reprocess.
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