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Abstract
This work concentrated on the isolation of lead tolerant strains of bacteria, identification of the
isolated strain with the highest lead tolerance capacity using microgen identification kit. Also,
the efficacy of the generated pellet (dead cell) in the bioremoval of lead from aqueous solutions
was determined. A total of nine bacteria were isolated from soil collected from gold mining site
in Kontagora metropolis, Niger State. Of the nine isolates, only Bacillus subtilis (KO1) possess high
tolerance capacity for high levels of lead ions. The pellet generated from the Bacillus subtilis
(KO1) strain was then used to adsorb lead ions from synthetic ion solutions. The isolate's removal
efficiency was enhanced by optimizing several physical conditions (pH, temperature, initial lead
concentration and contact time). The best optimized adsorption removal efficiency (>90%) was
found at pH 3, temperature 40oC with 100 mg/L of initial concentration of lead after 3 hours of
treatment. The use of the pellet generated from eco-friendly Bacillus subtilis (KO1) has great
potential and additional benefits in terms of lead removal.
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INTRODUCTION
The accumulation of heavy metals in the
environment has become a serious threat to our
ecosystem and thus, necessitating immediate
action. This has a deteriorating effect on the
quality of water sources, the atmosphere, and
agricultural crops and thus, has become a great
risk to public health (Dong et al., 2011; Acosta
et al., 2011). Heavy metal pollution is a direct
consequence of both natural and man-made
sources (Ako et al., 2014; Lima et al., 2016).
Several studies have shown that man-made
sources, particularly metal ores mining and
smelting operations, are responsible for the
majority of heavy metal pollutions in the
natural environment (Facchinelli et al., 2001;
Ako et al., 2014; Lima et al., 2016). Due to
mining activities in various countries, the
upsurge in heavy metals contamination of
water and lands has become a significant global
challenge (Ehsan et al., 2013; Li et al., 2014;
Paul, 2017). Furthermore, large amounts of
untreated soil resulting from mining and
smelting processes end up creating another
massive issue that can pose a risk to the natural
environment (Klein et al., 2014).
One of several heavy metals being discharged
into the natural environment is lead (Ehsan et
al., 2013; Paul, 2017). Lead is famous for its
numerous industrial uses, and it can be found in
our natural environment at the conclusion of

many industrial operations. Only a trace
concentration of lead is found naturally in the
environment (Shivani et al., 2020). However,
the threshold has risen solely through pollution
caused by anthropogenic sources (Naja and
Volesky, 2009; Jaishankar et al., 2014; Shivani
et al., 2020). Lead is most frequently ingested
by children and adults through lead-based
paints and work environment respectively.
Ingestion of lead through external sources
causes excess adverse effects in the human
body, including kidney and brain damage, blood
pressure elevation,
infertility in men,
intellectual
disabilities and psychosocial
distraction in children (Tong et al., 2000;
Morais et al., 2012; Rodriguez-Tirado et al.,
2012; Sardar et al., 2013).
Membrane
technologies,
ion
exchange,
electrochemical
methods,
filtration,
precipitation and chemical redox reactions are
all common techniques for the removal of
heavy metals, but they are costly and
ineffective, particularly, when the metal
amount in solution is low (within 1–100 mg/L)
(Witek-Krowiak, 2013; Shivani et al., 2020). As
a result, developing eco-friendly separation
methods that are effective, economically
cheaper, and selective for the elimination of
lead ions present in the environment is highly
imperative and necessary.
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In
a
metal-polluted
environment,
microorganisms (bacteria, fungi and algae)
show tolerance to the toxic effects of existing
heavy metals on their own and are effective in
heavy metal sequestration from the polluted
environment (Wong et al., 1993; Giller et al.,
1998). The separation of toxic heavy metals
from contaminated commercial and domestic
wastewater has already begun on an industrial
scale with the use of specific microorganisms
(Igiri et al., 2018). At high levels of potentially
toxic metals, these microorganisms are known
to adapt or mutate in order to survive (Mishra
et al., 2017).Microorganisms that are exposed
to heavy metal stress on a regular basis have
developed mechanisms to adapt to the metal
contaminants. Transport across the cell
membrane, precipitation, entrapment in
extracellular capsules, adsorption to the cell
walls, redox reactions and complexation are
some
of
the
biological
responses
microorganisms have to these molecules
(Mishra et al., 2017; Rehan and Alsohim, 2019).
The availability of multiple anionic structures,
like chitin and glucan provide microorganisms'
cell surfaces a negative charge, allowing them
to bind metal cations (Maghsoodi et al., 2007).
Bacillus subtilis is an aerobic bacterium that
has a broad variety of industrial uses and is
capable of producing enzymes such as
proteases and amylase (Da Silva et al., 2014).
Because of its simple genetic nature, it was
used often times as a prototype agent in
laboratory experiments (Harwood, 1992; Roy et
al., 2012; Da Silva et al., 2014). Despite the
fact that there are some studies in the
literature on the adsorption of heavy metals,
along with lead, by various strains of B.
subtilis, no information on the use of generated
pellets of indigenous strains of B. subtilis from
Nigeria has been reported for lead removal.
Hence, in this study, the adsorption ability of
pellet of B. subtilis isolated from gold mining
site to adsorb lead ions that appear most
frequently in polluted sites and water was
investigated. Furthermore, physical conditions
influencing
adsorption
such
as
pH,
temperature, initial heavy metal concentration
and contact time were also investigated.

composite sample of about 100g was placed in
a polythene bag and transported immediately
to the environmental laboratory of Department
of Microbiology, Ahmadu Bello University, Zaria
for microbiological analysis.
Isolation of lead tolerant bacteria by
enrichment
The method described by Jiang et al. (2017)
was used with some modifications to isolate
lead tolerant bacteria using enrichment
technique. Ten grams of the composite sample
was added into 100 mL of sterilized distilled
water and 2 mL of the solution was inoculated
in 20 mL Luria Bertani (LB) (Peptone 10g/L,
yeast extract 5g/L, NaCl 10g/L) medium
supplemented with 100 mg/L concentration of
lead as [Pb(NO3)2].The culture was incubated
on a rotatory shaker at 28ºC with 160 rpm for
4 hours. After incubation, 0.1 mL of the
culture was then plated on LB agar plates
supplemented with 100 mg/L concentration of
lead as [Pb(NO3)2] using spread plate method
and incubated at 28ºC for 24 to 48 h. A single
strain capable of growing at this condition was
selected for further experiments. The isolate
was kept in LB agar slants at 4ºC.
Determination of lead tolerance of the
isolated population
On LB solid medium, the metal tolerance range
for growth was determined. Lead ion (Pb2+)
tolerance was tested using final metal
concentrations of 100, 150, 200 250 and 300
mg/L. Pure cultures were spread onto LB
enriched with each metal concentrations to
determine growth, then incubated at 25ºC for
72 h and observed daily. Growth on the plate
was then assessed (Jaafar et al., 2016).
Biochemical Characterisation of the Isolate
with the best lead tolerance capacity
Gram staining and spore staining procedures
were used to determine the morphological
properties. Motility, catalase, oxidase, Methyl
red-Voges Proskaeur, hydrogen sulphide test,
and starch hydrolysis tests were performed
(Bergey, 2004; Willey et al., 2008).
Microgen Bacillus-ID for Confirmation of the
Bacillus isolate
The Microgen Bacillus-ID identification was used
according to the manufacturers’ instructions.
The substrates included in the test panel were
chosen based on a computer-based analysis of
all available substrates for the identification of
organisms. Each isolates was identified by
recording the results of a colour change after
48 h incubation at 30°C and adding appropriate
reagents (Indole, Nitrate and VP tests) after 48
hours. The Microgen Identification System
Software (MID-60) was then used to analyze the
results.

MATERIALS AND METHODS
Collection of soil samples
Ten soil samples were collected from Kontagora
gold mining site, Niger state. At every 10 m
interval, one soil sample of 10 g each was
collected from the top layer (5–10 cm) using a
soil auger. Thereafter, all collected samples
were thoroughly mixed in a bowl to create a
composite sample (Stefani, et al., 2015). The
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Generation of Bacterial pellet
The method described by Peterson et al. (2012)
was used to generate bacterial pellet. A single
colony from overnight LB plate was inoculated
into 100 mL of LB medium and cultured for 24 h
at 28oC on a rotatory shaker at 150 rpm.
Bacterial pellet was harvested by centrifugation
at 9000 rpm for 10min. The supernatant was
discarded, and the cells were re-suspended in
sterilized phosphate buffered saline (NaCl 8g/L,
KCl 0.2g/L, Na2HPO4 1.44g/L and KH2PO4 0.245
g/L) for washing before being centrifuged
twice. The pellet was heat killed for 24 hrsin
hot air oven at 60oC and was used for the
adsorption experiments.
Effects of optimization conditions on
adsorption capacity
The effects of physical conditions such as pH,
temperature, initial lead concentration and
contact time on adsorption capacity of pellet of
B. subtilis (KO1) were evaluated. The effect of
pH was conducted at pH 2, 3, 4, 5, 6 and 7,
adjusted with dilute NaOH and HNO3 (Alladin,
Shanghai, China) and the samples were
incubated for 6 h at 30oC in a 100 mg/L solution
of lead using 0.2g of bacterial pellet. The
effect of temperature was carried out at 20,
25, 30, 35 and 40oC with incubating at the
optimized pH for 6 h in a 100 mg/L solution of
lead using 0.2g of bacterial pellet. Similarly,
the effects of initial concentration of lead (100,
150, 200, 250, 300 and 350 mg/L) and contact
time (1, 2,3, 4, 5 and 6 h) were carried out at
the optimized pH and temperature. All
experiments were repeated thrice.
Lead Adsorption assay
To achieve a final bacterial concentration of 1
g/L, 0.2g of bacterial pellets was suspended in
deionized water containing 100mg/L solution of
lead as lead nitrate (Alladin, Shanghai, China).
The adsorption experiment was carried out in
Erhlenmeyer flasks of 250 mL. The mixture was
stirred at 150 rpm at 28oC and 10 mL of sample
was collected at intervals (1, 2,3, 4, 5 and 6 h),
centrifuged at 3000 rpm for 10 min and the
supernatant was decanted. The supernatant
was then used to measure the remaining
concentration of metals by the flame atomic
absorbance spectrophotometer. Metal ions
removal efficiency Q (%) was calculated using
equation (1) (Dai et al., 2019).
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(1)
Co and Ce are the initial and final lead ion
concentrations (mg/L).
RESULTS
After 48 hours of incubation, exuberant growth
on Lead supplemented 100 mg/L LB agar
medium revealed that the collected sample
contains lead tolerant bacteria. Nine bacterial
isolates were isolated from Kontagora gold
mining site, and were selected for further
study. The majority (88%) of the nine isolates
was sensitive to high concentrations of lead,
only one isolate was found to grow richly at
higher concentration (250 mg/L) of lead (Table
1).
The cultural, morphological, biochemical
characteristics of the highest lead tolerant
isolate (KO1) were used to identify the
organism, as well as Microgen identification. In
comparison with standard description of
Bergey’s Manual of determinative bacteriology
9th edition, the isolate was characterized to
belong to Bacillus subtilis (Bergey, 2004; Willey
et al., 2008).
Figure 1 depicts the effect of pH on the
percentage adsorption capacity of pellet
generated from B. subtilis (KO1). The
adsorption increased from 70% at pH 2 to 90%
at pH 4, and then decreased significantly as the
pH was raised. The experiment result for the
effect of temperature is shown in Figure 2. At
40oC, the maximum adsorption was observed to
be around 93%. The percentage of sorption
increased as the temperature rose. Figure 3
shows the effect of initial lead concentration
on the adsorption capacity of pellet generated
from B. subtilis (KO1). At the initial lead
concentration of 100 mg/L, the maximum
adsorption was observed to be around 92%. This
finding indicates that the sorption percentage
decreased as the initial lead concentration
increased. Adsorption experiments conducted
for various contact times at optimized pH,
temperature, and initial lead concentration as
shown in Figure 4 illustrates the percent
adsorption as a function of time. The pellet’s
adsorption of lead increased over time. At 3 h,
the maximum adsorption of 94% was achieved.
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Table 1. Metal tolerance of the isolated strains (most tolerant strain in italics)
Lead tolerance (mg/L)
Isolates
100
150
200
250
300
KO1
+++
+++
+++
+++
KO2
+++ +++
KO3
+++ +++
++ KO4
+++ ++ KO5
+++
-KO6
+++ ++ KO7
+++ ++ KO8
+++ - KO9
+++ +
Key:- means no growth, +: poor growth, ++: good growth and +++: rich growth.
KO means strains from Kontogora and numbers 1-9 represent the isolate number.
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Fig 1: Percentage adsorption of lead ions at different pH
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Fig 2: Percentage adsorption of lead ions at different temperature.
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Fig 3: Percentage adsorption of lead ions at different initial lead concentrations.
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Fig 4: Percentage adsorption of lead ions at different contact time.
DISCUSSION
Nine strains were isolated using a cultivationdependent method and lead supplemented
media. Heavy metals cause toxicity in
microorganisms
through
a
variety
of
mechanisms. Metal-tolerant bacteria can grow
in heavy metal-contaminated environments and
they can be isolated and selected for use in
adsorption processes (Piotrowska-Seget et al.,
2005). The ability of the isolate studied to be
tolerant to lead could have resulted from
genetic mutation and/or adaptation (Pal et al.,
2005; Li et al., 2006; Abou-Shanab et al.,
2007). This finding suggests that lead tolerant
Bacillus subtilis
can survive in
soils
contaminated with high concentrations of lead,
indicating a high biosorption potential. This
supports previous finding that Bacillus sp. was
found in greater abundance in soils with the
highest levels of heavy metal pollution (Ellis et
al., 2003).
UMYU Journal of Microbiology Research
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Increase in adsorption percentage with
increasing pH on lead adsorption could be due
to most non-saturated or active sites that are
positively charged at low pH which prevents
lead ions from binding to these sites (Yousaf et
al., 2017). Deprotonation occurs when the pH
rises owing to the availability of negatively
charged hydroxyl ions and the active sites
become accessible for metal ion attachment
through the ion exchange mechanism, leading
to greater absorption rate. The formation of
metal hydroxide and metal-ligand complexes,
which considerably decrease the quantity of
lead ions adsorbed at high pH, is most likely to
be the cause for the lower absorption rate
observed in the present study (Yousaf et al.,
2017). Different authors have noticed similar
trends in pH influence on adsorption (Yousaf et
al., 2017; Dai et al., 2019).
The percentage adsorption increased as
temperature rose, with the highest percentage
adsorption occurring at 40oC, indicating that
www.ujmr.umyu.edu.ng
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the phenomenon was endothermic. This finding
backs up studies by Salman et al. (2015),
Yousaf et al. (2017), and Dai et al. (2019) on a
variety of biosorbents. The increase in
adsorption observed as temperature rises could
be attributed to an increase in unsaturated
sites or an increase in metal ion dispersion onto
the biosorbent.
The initial concentration of Pb (II) ions had a
significant impact on the biosorption capability
of Bacillus subtilis KO1 pellets. However, as the
initial concentration of Pb (II) ions increased,
the percentage biosorption of lead ions
decreased. At the lowest concentration of 100
mg/L, the highest percentage adsorption of Pb
(II) (92%) was observed. This observation could
be due to the fact that there are more active
and non-saturated sites available on the
biosorbent for lead ions at low concentrations.
When the concentration of lead ions was
increased, the numbers of active sites in
Bacillus subtilis KO1 were limited, resulting in
a large number of lead ions compared to the
number of active sites. As a result, the ratio of
unsaturated sites decreased, and more lead
ions were unable to combine in the solution,
lowering the lead ion adsorption rate (Pal et
al., 2006). This result is in line with what other
researchers have discovered (Pal et al., 2006;
Dai et al., 2019).
For lead biosorption, the sorption percentage
increased with increasing time up to 3 h. At 3
h, it had a 94 percent sorption rate and
remained
almost
constant
with
minor
fluctuations. This adsorption trend was in
agreement with previous studies on heavy
metal biosorption by various biosorbents (Fiol
et al., 2006; Wang et al., 2010; Yousaf et al.,
2017; Dai et al., 2019), but the adsorption
equilibrium time differs. The disparities in
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results could be attributed to the varying
quantities of bacteria pellets used, wide variety
of bacteria used, the differing experimental
designs and many more.
In biosorption experiments, bacterial cell
pellets have several advantages over live cells,
including the potential to remediate large
amounts of water with lower metal levels, less
time consumption, accessibility without any
significant side effects (Aksu, 2005; Hemambika
et al., 2011; Shivani et al., 2020). Furthermore,
the pellets (dead cells) do not require constant
nutrient requirements and are not significantly
impacted by hazardous wastes. It can be
reconstituted and used over and over again.
Therefore, the use of the microbial cell pellet
in the study provided additional benefits in
terms of lead removal from water.
CONCLUSION AND RECOMMENDATIONS
In the present work, the efficacy of pellet
generated from B.subtilis (KO1) to remove lead
ions from aqueous solution was achieved
successfully. The optimum conditions for the
adsorption of lead ions was found to occur at
pH 4, temperature at 40oC, initial lead ion
concentration of 100 mg/L and contact time of
3 h. It can be concluded that B.subtilis (KO1)
can be used as a potential adsorbent material
for the removal of lead ions from aqueous
solution. Further study is required to
investigate the mechanisms of lead ion removal
in greater detail, the kinetics modelled as well
as the effects of this B. subtilis (KO1) against
lead ion toxicity in vivo.
Acknowledgments
The authors are grateful to the Department of
microbiology, ABU, Zaria for the facilities used
and assistance offered during the study.

REFERENCES
mining in Luku, Minna, Niger state,
Abou-Shanab, R. A. I., van Berkum, P. and
North Central Nigeria. Journal of
Angle, J.S. (2007). Heavy metal
Geosciences and Geomatics, 2(1), 28resistance and genotypic analysis of
37.
metal resistance genes in gram-positive
Aksu, Z. (2005). Application of biosorption for
and gram-negative bacteria present in
the removal of organic pollutants: A
Ni-rich serpentine soil and in the
review. Process Biochem., 40, 997–
rhizosphre
of
Alyssum
murale.
1026.
Chemosphere 68, 360-367.
Bergey, D. H. (2004). Bergey’s Manual of
Acosta, J. A., Faz, A., Martınez-Martınez S.,
Determinative Bacteriology. Eds., John
Zornoza, R., Carmona, D. M. and Kabas,
G. Holt et al., 9th edn. The Williams
S. (2011). Multivariate statistical and
and Wilkins, Baltimore. 531-532.
GIS-based approach to evaluate heavy
Da Silva, S. B., Cantarelli, V. V., and Ayub, M.
metals behavior in mine sites for future
A.
Z.
(2014). “Production
and
reclamation. Journal of Geochemical
optimization of poly-γ-glutamic acid by
Exploration, 109(1–3):8–17.
Bacillus subtilis BL53 isolated from the
Ako, T., Onoduku, U., Oke, S., Adamu, I., Ali,
Amazonian environment”. Bioprocess
S., Mamodu, A., & Ibrahim, A. (2014).
and biosystems engineering, 37(3), 469Environmental impact of artisanal gold
479.
110
UMYU Journal of Microbiology Research
www.ujmr.umyu.edu.ng

UJMR, Volume 6 Number 1, June, 2021, pp 105 - 112
Dai, Q. H., Bian, X. Y., Li, R., Jiang, C. B., Ge,
J. M., Li, B. L. and Ou, J. (2019).
Biosorption of lead(II) from aqueous
solution by lactic acid bacteria. Water
Science and Technology, 1-8. doi:
10.2166/wst.2019.082
Dong, J., Yang, Q. W., Sun, L. N., Zeng, Q.,
Liu, S. J. and Pan, J. (2011). Assessing
the concentration and potential dietary
risk of heavy metals in vegetables at a
Pb/Zn mine site, China. Environmental
Earth Sciences, 64(5):1317–21.
Ehsan, S., Ali, S., Noureen, S., Farid, M.,
Shakoor, M. B. and Aslam, A. (2013).
Comparative assessment of different
heavy metals in urban soil and
vegetables
irrigated
with
sewage/industrial will bete water.
Climate tool Es, 35:37–53.
Ellis, R. J., Morgan P., Weightman, A. J. and
Fry,
J.
C.
(2003).
CultivationDependent
and
-Independent
Approaches for Determining Bacterial
Diversity in Heavy-Metal-Contaminated
Soil.
Applied and
Environmental
Microbiology, 69: 3223-3230.
Facchinelli, A., Sacchi E, Mallen L. (2001).
Multivariate statistical and GIS-based
approach to identify heavy metal
sources
in
soils.
Environmental
Pollution.; 114(3):313. PMID: 11584630.
Fiol, N., Villaescusa, I., Martínez, M. and
Miralles, N. (2006)Sorption of Pb(II),
Ni(II), Cu(II) and Cd(II) fromaqueous
solution by olive stone waste.
Separation Purified Technology, 50(1):
132–140.
Giller, K. E., Witter, E., and Mcgrath, S. P.
(1998). “Toxicity of heavy metals to
microorganisms and microbial processes
in agricultural soils: a review”. Soil
biology and biochemistry, 30(10-11),
1389-1414.
Harwood, C. R. (1992). “Bacillus subtilis and its
relatives: molecular biological and
industrial workhorses”. Trends in
biotechnology, 10, 247-256.
Hemambika, B., Rani, M. J. and Kannan, V.R.
(2011) Biosorption of heavy metals by
immobilized and dead fungal cells: A
comparative assessment. J. Ecol. Nat.
Environ. 3, 168–175.
Igiri, B. E., Okoduwa, S. I., Idoko, G. O.,
Akabuogu, E. P., Adeyi, A. O., & Ejiogu,
I.
K.
(2018).
Toxicity
and
bioremediation
of
heavy
metals
contaminated ecosystem from tannery
wastewater: a review. Journal of
toxicology, 2018.
UMYU Journal of Microbiology Research

ISSN: 2616 - 0668

Jaafar, R., Al-Sulami, A., and Al-Taee, A.
(2016). Bioaccumulation of cadmium
and lead by Shewanella oneidensis
isolated from soil in Basra governorate,
Iraq. African Journal of Microbiology
Research, 10(12), 370-375.
Jaishankar, M., Tseten, T., Anbalagan, N.,
Mathew, B. B., and Beeregowda, K. N.
(2014). “Toxicity, mechanism and
health effects of some heavy metals”.
Interdisciplinary toxicology, 7(2), 6072.
Jiang, J., Pan, C., Xiao, A., Yang, S. and Zhang,
G. (2017). Isolation, identification, and
environmental adaptability of heavy
metal-resistant bacteria from ramie
rhizosphere soil around minerefinery.
Biotech, 7:5.
Klein R, Tischler J. S., Muhling M. and
Schlomann M. (2014). Bioremediation of
mine water. Advances in Biochemical
Engineering/biotechnology, 141(6):109.
Li, Z., Ma, Z., Kuijp, T.J.V.D., Yuan, Z. and
Huang L. (2014). A review of soil heavy
metal pollution from mines in China:
Pollution and health risk assessment.
Science of the Total Environment. 468–
469:843–53.
https://doi.org/10.1016/j.scitotenv.20
13.08.090 PMID: 2407650
Li, Z., Xu, J., Tang, C., Wu, J., Muhammad, A.
and Wang, H. (2006). Application of 16S
rDNA-PCR amplification and DGGE
fingerprinting for detection of shift in
microbial community diversity in Cu,
Zn, and Cd contaminated paddy soils.
Chemosphere, 62: 1374-1380.
Lima, A. T., Mitchell, K., O’Connell, D. W.,
Verhoeven, J., & Van Cappellen, P.
(2016). The legacy of surface mining:
Remediation, restoration, reclamation
and
rehabilitation.
Environmental
Science & Policy, 66, 227-233.
Maghsoodi V, Razavi J, Yaghmaei S (2007).
Production of Chitosan by submerged
fermentation
from
Aspergillus
niger.Scientia Iranica, Transactions C:
Chem. Chem. Eng.16:180-184.
Mishra, J., Singh, R., & Arora, N. K. (2017).
Alleviation of heavy metal stress in
plants and remediation of soil by
rhizosphere microorganisms. Frontiers
in microbiology, 8, 1706.
Morais, S., Costa, F. G., and Pereira, M. D. L.
(2012). “Heavy metals and human
health”.
Environmental
health–
emerging issues and practice, 10, 227246.
Naja, G. M., and Volesky, B. (2009). “Toxicity
and sources of Pb, Cd, Hg, Cr, As, and
www.ujmr.umyu.edu.ng
111

UJMR, Volume 6 Number 1, June, 2021, pp 105 - 112
radionuclides in the environment”.
Heavy metals in the environment, 8,
16-18.
Pal, A., Dutta, S., Mukherjee, P. K. and Paul, A.
K. (2005). Occurrence of heavy metal
resistance
in
microflora
from
serpentine soil of Andaman. Journal
Basic Microbiology, 45: 207–218.
Pal, A., Ghosh, S. and Paul, A. K.
(2006).Biosorption of cobalt by fungi
from serpentine soil of Andaman.
Bioresource Technology, 97(10): 1253–
1258.
Paul D. (2017). Research on heavy metal
pollution of river Ganga: A review.
Annals of Agrarian Science, 15(2):278–
86.
Peterson, B. W., Sharma, P. K., van der Mei, H.
C., & Busscher, H. J. (2012). Bacterial
cell surface damage due to centrifugal
compaction. Applied
and
environmental
microbiology, 78(1),
120–125.
https://doi.org/10.1128/AEM.06780-11
Piotrowska-Seget, Z., Cycon, M. and Kozdroj, J.
(2005).
Metal-tolerant
bacteria
occurring in heavily polluted soil and
mine spoil. Applied Soil Ecology, 28:
237–246.
Rehan, M., & Alsohim, A. S. (2019).
Bioremediation of Heavy Metals.
In Environmental Chemistry and Recent
Pollution Control Approaches (p. 145).
IntechOpen.
Rodriguez-Tirado, V., Green-Ruiz, C. and
Gómez-Gil, B. (2012). Cu and Pb
biosorption on Bacillus thioparans
strain U3 in aqueous solution: Kinetic
and equilibrium studies. Chem.Eng. J.
181–182,
352–359.
DOI:
10.116/j.cej.2011.11.091.
Roy, J. K., Rai, S. K., and Mukherjee, A. K.
(2012).
“Characterization
and
application of a detergent-stable
alkaline α-amylase from Bacillus subtilis
strain AS-S01a”. International journal of
biological macromolecules, 50 (1), 219229.
Salman, M., Athar, M. and Farooq, U. (2015).
Biosorption of heavy metals from
aqueous solutions using indigenous and
modified
lignocellulosic
materials.
Reviews in Environmental Science and
Biotechnology, 14(2): 211–228.
Sardar, K., Ali, S., Hameed, S., Afzal, S.,
Fatima, S., Shakoor, M. B. and Tauqeer,

UMYU Journal of Microbiology Research

ISSN: 2616 - 0668

H.
M.
(2013).“Heavy
metals
contamination and what are the
impacts on living organisms”. Greener
Journal of Environmental management
and public safety, 2(4), 172-179.
Shivani
Gupta,
A.
Surendran,
A.
JosephThatheyus (2020) Biosorption of
Lead Using the Bacterial Strain, Bacillus
subtilis (MTCC 2423) . Journal of
Biotechnology and Biomedical Science 2(3):1-14.
Stefani, F. O. P., Bell, T. H., Marchand, C., de
la Providencia, I. E., Yassimi, E. I., StArnaaud, M. and Hijri, M. (2015).
Culture-Dependent and Independent
methods capture different microbial
community fractions in Hydrocarboncontaminated soils. PLoSONE, 10(6):
e0128272.
Tong, S., Schirnding, Y. E. V. and Prapamontol,
T.
(2000).
“Environmental
lead
exposure: a public health problem of
global dimensions”. Bulletin of the
world health organization, 78, 10681077.
Wang, F., Yao, J., Si, Y., Chen, H., Russel, M.,
Chen, K., Qian, Y., Zaray, G. &
Bramanti, E. (2010). Short-time effect
of heavy metals upon microbial
community
activity.
Journal
of
Hazardous Materials 173, 510-516.
Willey, J. M., Sherwood, L. M., Woolverton,
C.J. (2008). Prescott, Harley and
Klein’s microbiology. 6th edition, New
York: McGraw-Hill Higher Education.
ISBN 978-0073302089.
Witek-Krowiak, A (2013). Application of beech
sawdust for removal of heavy metals
from water: biosorption and desorption
studies. Eur. J. Wood Prod,. 71: 227–
236 DOI 10.1007/s00107-013-0673-8
Wong P. K., Lam K. C, So, C. M. (1993).
Removal and recovery of Cu (II) from
industrial effluent by immobilization
cells of Pseudomonas putida II-11.
Appl.Microbiol. Biotechnol. 39:127-131
Yousaf, A., Athar, M., Salman, M., Farooq, U.
and Chawla, F. S. (2017). Biosorption
characteristics of Pennisetum glaucum
for the removal of Pb(II), Ni(II) and
Cd(II) ions from aqueous medium,
Green Chemistry Letters and Reviews,
10(4):
462-470,
DOI:
10.1080/17518253.2017.1402093

112

www.ujmr.umyu.edu.ng

