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Abstract

The ability of dried bacterial biomass in azo dye and heavy metal removal from aqueous solution
was explored. Biosorption of three textile dyes, Eriochrome black T (EBT), Acid Red 26 (AR)
and Trypan blue (TB) and heavy metals (Pb and Cr) by dried biomass of Aeromonas hydrophila
RCl1, was investigated in a batch system under various parameters such as dye concentration,
contact time, concentration of biomass, pH, and temperature. The experimental results showed
that the extent of biosorption for dyes increased with increase in initial concentration of dyes,
biomass concentration, contact time, temperature and decreased with increase in pH. The
experimental isotherms data were analyzed using Langmuir and Freundlich isotherm equations.
The Langmuir model yielded good fit to the experimental data (RJ approximately 0.794, 0.844 and
0.969 for the dyes, EBT, AR and TB, respectively) with maximum monolayer adsorption capacity
of 58.8 mg g'I for AR. Similarly results were obtained for heavy metals and the data fit in Langmuir
model (szalue 0f 0.849 and 0.787) with q,, value of 40 mg g" for Pb. The results fit in pseudo first
order kinetics with removal upto 96.67 % for Pb. Involvement of the surface characteristics of the
biomass in biosorption was studied using scanning electron micrographs, FTIR, EDX and XRD
analysis. Thus, use of A. hydrophila RC1 biomass can be extensively employed in water treatment

plants in order to get desired water quality in the most economical way.
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Introduction

Extensive use of synthetic dyes by dye houses, paper
printers and textile dyers and their effluent disposal into
water bodies exert deleterious effect on the environment
(Mahony et al., 2002). Industries such as mining, electric
appliance manufacturing, metal surface treating, fertilizer,
pesticide and leather industries route the toxic heavy metal
pollution in the environment (Wang and Chen, 2009). Water
polluted with dyes can be treated by flocculation,
electrokinetic coagulation, ozonation, electrochemical
destruction, membrane filtration, ion exchange and activated
carbon methods (Cabuk et al., 2013). Whereas, toxic metal
polluted water can be treated by chemical precipitation, ion
exchange and adsorption methods (Tangaromsuk et al.,
2002). The conventional methods used to treat dye and metal

polluted water has disadvantages and limitation. Biological
methods are gaining importance due to their eco-friendly and
cost effective nature. Non living or non-growing microbial
biomass such as bacteria, fungi and algae are potential
biosorbent for removal of pollutants (Lang et al., 2009).
Biomaterials derived from microbial dead or live cells are
potential alternatives to the conventional adsorbents
(Jaikumar, 2009).

Bacterial biomass are inexpensive, easy to handle,
less production time and do not require any activation,
making them an attractive alternative to the chemical
sorbents. Various researchers have used dead or live bacterial
cells as alternative, effective adsorbent of dyes and metals.
Huang et al. (2013) reported biosorption of Cd(II) using live
and dead cells of Bacillus cereus. The dried biomass of
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Bacillus gibsonii effectively adsorbed Pb(II) from aqueous
solution (Zhang et al, 2013). Chubar et al (2008)
demonstrated adsorption of metals (Cuﬂ, ZnB) and anions
(F, H,PO,) by viable and autoclaved cells of Shewanella
putrefaciens. Natalia Chubar (2008) and Xie et al. (2013)
used dried biomass of Mesorhizobium amorphae as a
biosorbent to remove chromium from aqueous solutions.
Biomass of Corynebacterium glutamicum, obtained from
industrial lysine fermentation plant, effectively adsorbed
anionic dye Reactive Red 4 (Won et al., 2005). In view of the
above, the present study was carried out to investigate
adsorption of textile dyes (Eriochrome black T, Acid red and
Trypan blue) and heavy metals (lead and chromium) on dried
biomass of Aeromonas hydrophila RC1 .

Materials and Methods

Isolation and identification of bacterial isolate : Bacterium
A. hydrophila RC1 was isolated from waste water treatment
plant, Pondicherry University, Puducherry, India. The
bacterial isolate was subjected to Gram staining and various
biochemical tests namely Indole, Methyl red, Voges
Proskaur, Citrate utilization, starch hydrolysis, gelatin
hydrolysis, urease, oxidase and catalase test. Morphology of
the bacterial isolate was observed using Scanning Electron
Microscope. Amplification and sequencing of 16S rRNA
gene was performed by Eurofins, Bangalore, India using
forward primer - 27F (AGA GTT TGA TCM TGG CTC AG)
and reverse primer - 1492R (TAC GGY TAC CTT GTT
ACG ACT T). The resulting sequence was entered into the
BLAST algorithm of National Centre of Biological
Information (NCBI) database and BLAST search was
performed against complete gene bank database. Highly
similar sequence to that of isolate was taken to construct
phylogenetic tree using Bootstrap method in Mega 5.05
software. The 16s rRNA gene sequence of the isolate was
submitted to the NCBI gene bank.

Isolated bacteria was cultured in 500 ml flask
containing 250 ml of Luria Bertani Broth comprising of 1 %
tryptone, 0.5 % yeast extract, 0.5 % NaCl at 28 °C and pH 7
for 48 h using a rotary shaker at 200 rpm. After incubation,
the culture broth was centrifuged at 4500 rpm for 10 min at 4
°C. The pellet was collected and washed several times with
0.9 % NaCl. The pellet was subjected to thermal treatment by
autoclaving at 121 °C and the resulting biomass was dried in
an oven (60 °C for 48 hr) and collected, powdered for further
use.

Bacterial growth and biomass yield : The growth curve of
bacterial isolate was determined for a period of 36 hr at
600nm and the growth of bacteria and yield of biomass at
specific time interval was calculated.
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Dye and metal adsorption: Eriochrome black T (EBT),
Acid red 26/Xylidine ponceau (AR), Trypan blue (TB) dyes
and heavy metals like lead acetate and potassium dichromate
used in this study, were obtained from Himedia Laboratories
Pvt. Ltd., India. Stock solutions were prepared by dissolving
required amount in distilled water and the concentrations
required were obtained by diluting the stock solution.

Batch biosorption experiments were conducted in 15
ml tubes containing 10 ml of dye solution. For heavy metals,
the experiments were conducted in 100 ml beakers
containing 50 ml of heavy metal solutions. All the
experiments were carried out at 35 °C temperature. Various
experimental conditions, which may influence the
biosorption of dyes and heavy metals on dried bacterial
biomass including initial solution, pH, biosorbent dosage,
temperature and contact time, were tested using batch
experiments. Initial concentrations were prepared (20 - 80
mg1"). The concentration of biomass varied from 0.5 - 1.5 mg
1" While pH varied from 2 - 10 for each dye and heavy metal,
temperature varied at four different temperatures 30, 40, 50
and 60 °C and contact time from 0 to 120 min, respectively.

The concentration of dyes, before and after the
adsorption was determined spectrophotometrically by
monitoring the changes in absorbance at A__ (503nm) for
EBT, 493 nm for AR dye and 607 nm for TB. All the batch
experiments were performed in triplicate at optimum pH of
5.5-6. The amount of dye adsorbed onto unit weight of

adsorbent, ge (mg g']) was calculated

Heavy metal uptake study was performed similar to
dye uptake study by quantifying the residual concentration of
Pb and Cr in the experimental solution using atomic
absorption spectrophotometry. The amount of metal
adsorbed onto unit weight of adsorbent, ge (mg g") was
calculated.

Characterization of biosorption of dye: Pure biomass
samples, as well as, dye loaded samples were analyzed using
Fourier Transform Infrared Spectroscopy. Lyophilized
sample were mixed with potassium bromide (KBr) in 1:100
ratio and made into pellet. FTIR spectrum of KBr pellet was
measured at a resolution of 4 cm’ in the range of 4000-500
cm’. The study revealed interactions between functional
groups on the surface of bacterial biomass to EBT, AR and
TB dyes.

Characterization of biosorption of heavy metals: A small
amount of dried bacterial biomass was taken in dried powder
form, placed on stub and carbon coated under vacuum was
used for analysis. The micrograph image of the samples were
captured at 4000X and the corresponding energy dispersive
X-ray (EDX) spectrum was recorded using SEM (S-3500N;
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Hitachi Co., Tokyo, Japan) equipped with EDX detector for
clemental composition analysis of heavy metal laden
biomass. The main aim was to compare the changes on the
surface properties of bacterial biomass after biosorption of
heavy metals on its surface. X-ray diffraction (XRD) pattern
of dried bacterial biomass, before and after loading with
heavy metal solution, was observed (Rigaku, Ultima IV, X-
ray diffractometer system) at a scan arange of 2° to 60° 26.

Statistical analysis : Three independent experiments were
performed in triplicate. Average of three experiments was
taken for analysis.

Results and Discussion

Out of twenty four bacterial isolates obtained from
waste water treatment plant, Pondicherry University, isolate
RC1 exhibited the best result. The bacterium isolated was
Gram negative, rod shaped and exhibited following
biochemical tests, indole (+ve), methyl red (+ve), voges
proskaur (+ve), citrate utilization (+ve), starch hydrolysis
(+ve), gelatin hydrolysis (+ve), urease (-ve), oxidase (+ve)
and catalase (+ve). The strain RC1 used in the present study,
after identification at molecular level by 16s rRNA gene
sequencing, was to represent a new strain of Aeromonas
hydrophila having 99 % sequence similarity with Aeromonas
hydrophila as shown in the phylogenetic tree. Bacterial
growth curve for A. hydrophila RC1 along with the yield of
biomass was constructed and calculated with time. Biomass
yield at a time period of 36 hr was 30.24 mg 1.

Maximum uptake percentage was shown by TB with
decolorization percent of 45.8 followed by EBT of 22.38 %
and least for AR at22.38 % (Fig. 1). The effect of contact time
on biosorption of dye revealed that in all the three azo dyes
there was a rapid biosorption in the first 30 min and
thereafter, the rate of biosorption reached equilibrium in
about 60 min for TB, 90 min for EBT and 90 min for AR. The
qe values of three dyes were 21.72, 23.82, and 34.46 mg g’l
for EBT, AR and TB, respectively (Fig. 1). Whereas Rana
Kabbout and Samir Taha (2014) studied the contact time
effects of Aspergillus fumigates on the adsorption capacity of
methylene blue and reported a rapid biosorption of 58% in 30
min and 68% in 120 min and concluded that 120 min was the
optimum contact time as biosorption reached maximum of
71% beyond 120 min.

Biomass dosage showed significant effect on
biosorption. Biosorption increased with increase in biomass
concentration up to certain limit and then becames constant.
It was observed that dye EBT adsorption was maximum
(59.16%) at biomass concentration of 1.5 mg 1-1 followed by
AR (19.16 %) and TB (1.66 %) (Fig. 1).
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It was observed that biosorption of EBT, TB and AR
is a function of temperature with maximum uptake values at a
specific temperature. Maximum uptake was shown by EB
(65 % at40 °C) followed by AR (45 % at 40 °C) and TB (46 %
at 40 °C).The ge value with respect to temperature was also
calculated for each dye. It was observed that maximum ge
value of 43 mg g'I in case of EBT, followed by 41 % in case of
AR and 32 % for TB at optimum temperature range of 60 °C
(Fig. 2). The effect of pH on biosorption of EBT, AR and TB
showed specific pattern. EBT showed a maximum value of
83.3 % at pH 2 and decreased gradually with increase in pH
till pH 10. In case of AR, it decreased from 56.6 % at pH 2 to
25 % atpH 10.At pH 2, maximum biosorption was seen EBT
(50 mg g’ followed by AR (34 mg g') and TB (15 mg g ),
respectively (Fig. 2). Kim ez a/. (2014) studied cadmium and
basic dye (cationic basic blue 3) biosorption of Bacillus
catenulatus. They reported that at 2000 mg I and 150 mg I
of cationic basic blue 3 and cadmium, Bacillus catinulatus
removal capacity was 58% and 66%.Langmuir and
Freundlich isotherm equations were employed to analyze the
experimental isotherm data which was similar to the present
study. Their results fitted in pseudo second order kinetics,
whereas in the present study followed the pseudo-first order
model was followed.

Analysis of both dried biomass of A. hydrophila RC1
and dye loaded biomass were performed and changes in their
peaks were observed. A broad peak at 3454.95 cm’ was due
to—OH stretch. Peaks at 2883.75 corresponded to C-H stretch
of alkane, 1693.05 cm" C=O stretch, 1523.03 cm’ to N=O
amine stretch, 1448.84 em’'to—C=C- stretch, respectively for
the biomass. FTIR spectral analysis showed changes in the
spectrum for each dye stuff biosorption. Bands were shifted
and intensity of peaks changed in dye adsorbed biomass as
compared to dried biomass alone.

A linear plot was obtained from Langmuir isotherm
for biosorption of EBT, AR and TB onto dried A. hydrophila
RC1 biomass at 30 °C. The correlation coefficient (RJ) was
0.794, 0.844 and 0.969 for EBT, AR and TB indicating that
biosorption fitted well to Langmuir isotherm (Fig. 3).
Langmuir biosorption constants were 8.928, 58.8 and 0.75
for EB, AR and TB and the K, values were 12.445,0.739 and
7.69 for EBT, AR and TB respectively, indicating that dried
biomass of 4. hydrophila RC1 had considerable potential for
removing of EBT, AR and TB from aqueous solution.

Langmuir correlation coefficient (RZ) values for EBT,
AR, TB (0.408, 0.761 and 0.824) indicated that Langmuir
model fitted to the biosorption process (Fig. 3) suggesting
that biosorption of EB, AR and TB onto dried 4. hydrophila
RCI1 might be due to biosorption of monolayer to the
functional groups as sites for binding on the surface of
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Fig. 1 : Effect of various parameters on biosorption; (A) The initial dye concentration effect on adsorption of dyes; (B) Effect of contact time effects
on dye removal efficiency and adsorption and (C) Effect of biomass concentration on adsorption of dyes
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Fig. 2 : Effect of temperature and pH on biosorption of dyes; (A) effect of temperature and (B) effect of pH

biomass. Pseudo first order model was used to predict the biomass granules that were agglomerated (Fig. 5). The
kinetic behavior of biosorption of dyes EBT, AR and TB and percent biosorption increased with increase in temperature
the data fitted to it. for both the metals. For Pb, it was found to be 96.67 % and
for Cr it was 37.84 % at 60 °C (Fig. 5). Increase in pH

Biosorption percentage increased with increase in increased biosorption percent in case Pb to 81.44 % atpH 10

initial concentration of heavy metal. In case of Pb it was and for Cr it decreased to 5.84 % from 71.15 % with change

96.39 % and that of Cr was 56.4 % (Fig. 41). Similarly, the q, in pH from 2 to 10. Similarly, the ge values also increased
value for Pb was maximum 19.254mg g and Cr was 8.557  upto 12.216 mg g forPband 7.48mg g for Crrespectively
mg g (Fig. 4). Biosorption of metals varied with the (Fig. 5). Zouboulis et al. (2004) studied biosorption of toxic

variation in biomass concentration. There was an increase in metals of bacterial strains from metal polluted soils. They
the extent of biosorption with increase in biomass  adopted two toxic metals i.e., cadmium and chromium for
concentration. It is evident from the graph that there was an the study. The biosorption capacity of Cd(IT) and Cr (VI)
increase in elimination of metal ions with increase in was found to be in the range of 30-90% and 20-40%.
concentration of biomass upto a concentration of 1.25 mg 1" Optimum pH for Cd and Cr was found to be 7 and 2.5,
in case of Pb and Cr and farther the rate of elimination of Pb thereby, on lowering the pH, biomass overall surface charge
and Cr ions decreased which might be due to attribution of became positive and increasing the pH it became negative.
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Fig. 3 : Langmuir and Freundlich isotherms; (A) Langmuir isotherm for EBT; (B) Langmuir isotherm for TB; (C) Langmuir isotherm for AR; (D)
Freundlich isotherm for EBT; (E) Freundlich isotherm for AR and (F) Freundlich isotherm of TB

Whereas in the present study, increase in pH increase the
percentage of biosorption of Pb but for Cr it decreased with
change inpH.

SEM images were taken to study the surface
properties of biomass and metal loaded biomass. Marked
difference was observed in the surface properties of
biomass of A. hydrophila RC1 on biosorption of heavy
metals on its surface. EDX analysis of biomass revealed the
presence of carbon, nitrogen, oxygen, chlorine,
phosphorous, oxygen etc. EDX analysis of biomass loaded

with Pb and Cr showed a characteristic peak of Pb and Cr.
XRD patterns of dried 4. hydrophila RC1 biomass before
and after use showed that there was a change in the diffused
peak with maximum 2 © values changing accordingly. In
case of biomass, there were no characteristic peak. In case of
biomass loaded with Cr, there was a 2 © values at 100, 101
and 102 that were characteristic of Cr as given in ICDD
pattern. Similarly, for lead absorbed biomass it was
observed that there was characteristic peak for Pb having 2
O values 112, 200 and 220 that were characteristic of Pb as
given by ICDD pattern.
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Table 1 : Langmuir and Freundlich coefficients and regression correlation coefficients for adsorption of dyes and metals onto 4. iydrophila RC1 biomass

Langmuir model Freundlich model

Name of dye q,(mgg’) K, (Lmg") R’ n K,(mgg") R
Erichrome black T 8.928 12.445 0.794 0.347 451.8 0.849
Acidred26 58.8 0.739 0.844 0.407 211.34 0.824
Trypanblue 0.75 7.69 0.969 0.553 13.091 0.855
Metal

Lead 40 0.675 0.849 3.70 1.391 0.762
Chromium 1.73 2.82 0.787 15.8 3.69 0.580

Biosorption of sorbate (Pb and Cr) was modeled using
Langmuir and Freundlich equations. The Langmuir model
for biosorption of two heavy metals is given in Table 1. A
linear plot was obtained from Langmuir isotherm for
biosorption of Pb and Cr on dry biomass of 4. hydrophila
RC1 at 30 °C. Correlation coefficient (RQ) was 0.849 and
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0.762 for lead and chromium indicating that biosorption
fitted well to the Langmuir isotherm (Fig. 6). The K, values
were 0.67 and 2.82 for Pb and Cr and the g, values were 40
and 1.63 mg g" for the Pb and Cr respectively. The results
indicated that dried biomass of A. hydrophila RC1 had
considerable potential to be used for removal of Pb and Cr
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Fig. 6 : Langmuir and Freundlich isotherms; (A) Langmuir isotherm for Pb; (B) Langmuir isotherm of Cr; (C) Freundlich isotherm for Pb and (D)

Freundlich isotherm for Cr

from aqueous solution. The Freundlich model was also used
to describe the type of absorption and it was found that the
coefficient of variance (Rz) value obtained were 0.762 and
0.580 for Pb and Cr, respectively. It clearly indicated that
biosorption fitted better in Langmuir model as compared to
Freundlich model. Biosorption of both Pb and Cr followed
the first order kinetics.

EBT, AR and TB are azo dyes widely used in textile
industry are the major cause of water pollution (Srinivasan
and Viraraghavan, 2010). Toxic metals tend to
bioaccumulate and cause serious health hazards. Lead and
chromium are highly toxic to human even in low
concentrations. Chromium cause hemorrhagic effect on
organs like liver, kidney and ulceration of skin. Whereas lead
affects nervous system causing irreversible brain damage.
Both the metals are carcinogenic in nature (Gupta and Alj,
2004). Dead cells of Pseudomonas pseudoalcaligenes was
reported to absorb lead effectively (Leung ez al., 2001). Dead
Streptomyces rimosus biomass were used for biosorption of
lead (Selatnia et al., 2004). Dead cells of Bacillus sphaericus
effectively adsorbed chromium (Velasquez and Dussan,
2009). Few reports are available on the adsorption of dyes

using bacterial biomass. This is the first report on the
adsorption of EBT, AR and TB using dead bacterial biomass.
This study may lead to possible application in removal of
dyes and metals from waste water and industrial effluents.

From the batch equilibrium experiments, it was
observed that biosorption of dyes, as well as heavy metals on
dried biomass of 4. hydrophila was influenced by pH,
biomass concentration, contact time and temperature.
Maximum biosorption of 65% was obtained for EBT dye at
40 °C. In case of heavy metals, Pb showed maximum
adsorption of 96.67 % followed by Cr with 37.84 % at 60 °C.
The percent biosorption increased with increase in
temperature for both the metals. This data established the fact
that A. hydrophila RC1 biomass has potential to be used as
non-conventional low cost biosorbent to remove dye and
heavy metals from the waste water.

Acknowledgments

All authors are highly thankful to Dr. R. Vishnu
Vardhan, Assistant Professor, Department of Statistics,
Pondicherry University for his kind assistance in the
statistical analysis. We are indebted to Pondicherry

Journal of Environmental Biology, March 2016



274

University for providing the necessary facilities.
References

Cabuk, A., P. Aytar, S. Gedikli, Y.K. Ozel and E. Kocabiyik:
Biosorption of acidic textile dyestuffs from aqueous solution by
Paecilomyces sp. isolated from acidic mine drainage. Environ.
Sci. Pollut. Res., 20,4540-4550(2013).

Chubar, N.T., Behrends and P. Van Cappellen: Biosorption of metals
(Cu(2+), Zn(2+)) and anions (F(-), H(2)PO(4)(-)) by viable and
autoclaved cells of the Gram-negative bacterium Shewanella
putrefaciens. Colloids Surf. B: Biointerfaces. , 65, 126-33
(2008).

Gupta, V.K. and I. Ali: Removal of lead and chromium from wastewater
using bagasse fly ash- sugar industry waste. J. Colloid Interface
Sci., 271,321-328 (2004).

Huang, F., Z. Dang, C.L. Guo, G.N. Lu, R.R. Gu, H.J. Liu and H. Zhang:
Biosorption of Cd(IT) by live and dead cells of Bacillus cereus RC-
1 isolated from cadmium-contaminated soil. Colloids Surf. B:
Biointerfaces., 1,11-18(2013).

Jaikumar, V.: Effect of biosorption parameters kinetics isotherm and
thermodynamics for acid green dye biosorption from aqueous
solution by brewery waste. Int. J. Chem., 1, 1-12(2009).

Kim, S.Y., M.R. Jin, C.H. Chung, Y.S. Yun, K.Y. Jahng and K.Y. Yu:
Biosorption of cationic basic dye and cadmium by the novel
biosorbent Bacillus catenulatus JB-022 strain. J. Biosci. Bioeng.,
119,433-439(2015).

Kabbouta, R. and S. Tahaa: Biodecolorization of textile dye effluent by
biosorption on fungal biomass materials. International Conference
on Material Sciences, CSM8-ISMS, Physics Procedia., 55, 437 —
444(2014).

Lang, W., C. Dejma, S. Sirisansaneeyakul and N. Sakairi: Biosorption of
nonylphenol on dead biomass of Rhizopus arrhizus encapsulated in
chitosan beads. Bioresour. Technol., 100,5616-5623 (2009).

Leung, W.C., H. Chua, and W. Lo: Biosorption of heavy metals by

Journal of Environmental Biology, March 2016

S. Busi et al.

bacteria isolated from activated sludge. Appl. Biochem. Biotechnol.,
91, 171-84(2001).

Mahony, T.O., E. Guibal and J.M. Tobin: Reactive dye biosorption by
Rhizopus arrhizus biomass. Enzyme Microb. Technol., 31,456-463
(2002).

Selatnia, A., A. Boukazoula, N. Kechid, M.Z. Bakhti, A. Chergui and Y.
Kerchich. Biosorption of lead (II) from aqueous solution by a
bacterial dead Streptomyces rimosus biomass. Biochem. Eng. J.,
19, 127-135(2004).

Srinivasan, A. and T. Viraraghavan: Decolorization of dye wastewaters
by biosorbents a review. J. Environ. Manage., 91, 1915-1929
(2010).

Tangaromsuk, J., P. Pokethitiyook, M. Kruatrachue and E.S. Upatham:
Cadmium biosorption by Sphingomonas paucimobilis biomass.
Bioresour. Technol., 85,103-105(2002).

Velasquez, L. and J. Dussan: Biosorption and bioaccumulation of heavy
metals on dead and living biomass of Bacillus sphaericus. J.
Hazard. Mater.,167,713-716 (2009).

Wang, J. and C. Chen: Biosorbents for heavy metals removal and their
future. Biotechnol. Adv.,27,195-226 (2009).

Won, S.W., S.B. Choi and Y.S. Yun: Interaction between protonated
waste biomass of Corynebacterium glutamicum and anionic dye
Reactive Red 4. Colloids Surf. , A Physicochem. Eng. Asp., 262,
175-180(2005).

Xie, P., X. Hao, O.A. Mohamad, J. Liang and G. Wei: Comparative study
of chromium biosorption by Mesorhizobium amorphae strain
CCNWGSO0123 in single and binary mixtures. Appl. Biochem.
Biotechnol., 169,570-587 (2013).

Zhang, B., R. Fan, Z. Bai, S. Wang, L. Wang and J. Shi: Biosorption
characteristics of Bacillus gibsonii S-2 waste biomass for removal
of lead (II) from aqueous solution. Environ. Sci. Pollut. Res. Int.,
20, 1367-1373 (2013).

Zouboulis, AL, M.X. Loukidou and K.A. Matis: Biosorption of toxic
metals from aqueous solutions by bacteria strains isolated from
metal-polluted soils. Process Biochem.,39,909-916 (2004)



