editor@jeb.co.in

©2011 Triveni Enterprises
Vikas Nagar, Lucknow, INDIA

Full paper available on: www.jeb.co.in

J. Environ. Biol.
32,773-779(2011)
ISSN: 0254-8704
CODEN: JEBIDP

Characterization of two metal resistant Bacillus strains
isolated from slag disposal site at Burnpur, India

Author Details

Sanjeev Pandey

Banwarilal Bhalotia College, Asansol, West Bengal - 713 303, India

Pradipta Saha

Department of Microbiology, University of Burdwan, West Bengal - 713 104, India

Subinoy Biswas

Department of Biophysics, Molecular Biology and Bicinformatics, University of Calcutta - 700 009, India

Tushar K. Maiti
(Corresponding author)

Department of Botany, University of Burdwan, West Bengal - 713 104, India
e-mail: tkmbu@yahoo.co.in

Publication Data

Paper received:
15 May 2010

Revised received:
21 September2010

Accepted:
20 November 2010

Abstract

Two strains of Bacillus sp. resistant to arsenate and lead designated as AsSP9 and PbSP6, respectively were
isolated from the slag disposal site. They were identified to be related to Bacillus cereus cluster on the basis
of 16S rDNA based sequence analysis and phenotypic characteristics. Both were rod-shaped (AsSP9, 2-5
um and PbSP8, 2-4 um), aerobic, salt tolerant (2-8% NaCl), endospore forming bacteria with minor
differences like the AsSP9 showed sporangial bulging and PbSP6 had positive lipase activity. The temperature
range for their growth was 20-40°C and pH range 6.0-9.0 with an optimum temperature of 37°C and pH of 7
for both strains. The principal nitrogen sources for AsSP9 and PbSP6 were DL-Tryptophan and L-Phenylalanine,
respectively. The suitable carbon source for AsSP9 was lactose and for PbSP6 sucrose. The heavy metal
accumulation efficiency was found to be 0.0047 mg g' of dry mass for AsSP9 and 0.686 mg g™' of dry mass
for PbSP6.
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Introduction

Contamination of heavy metals in the environment is one of
the major concerns because of their toxicity and threat to human
and other forms of life. Among the most potent heavy metals arsenic
and lead are considered to be extremely toxic to all forms of life.
Arsenicis a metalloid which ranks twentiethin abundance of elements
in the earth crust (Mandal et al., 1996). Arsenic can be present in
soils, air and water as chemical compounds of both inorganic and
organic forms. Environmental arsenic pollution is increasing due to
its mobilization from geological sources and anthropological and
industrial activities (Nordstrom, 2002; Bhattacharjee and Rosen,
2007). In soil, arsenate and arsenite are the two most often
encountered forms of arsenic by the living system (Cullen and
Reimer, 1989; Balasoiu et al., 2001). One of the major concems is
also the potential mobilization of arsenic in ground water. In India,
West Bengal state is most affected from arsenic contamination in
ground water. It has been estimated that six million people in West
Bengal and 57 million people in Bangladesh have been exposed to

arsenic through contaminated wells (British Geological Survey,
2001; Smedley and Kinniburgh, 2002).

Both forms of inorganic arsenic (arsenite and arsenate)
are toxic to organisms; arsenite disrupts sulfhydryl groups of proteins
and interferes with enzyme function, where as arsenate acts as
phosphate analog and can interfere with phosphate uptake and
transport. While arsenite shows greater toxicity and is more mobile
under most environmental conditions, arsenate is the
thermodynamically favourable form in aerobic waters (Jackson and
Harrison, 2005).

Despite its toxicity, a number of microorganisms are
capable of using either the oxidized form of inorganic arsenic
(V) or the reduced form of arsenic (Ill) in their metabolism (Silver
and Phung, 2005). Microbial arsenic detoxification may involve
reduction of arsenate to arsenite by arsenate reductase followed
by arsenite efflux by arsenite transporters (Chauhan et al.,
2009).
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Since medieval times, lead has been used in piping, building
materials, solders, paint, type metal, ammunition and castings.
Recently, lead has been introduced in the environment from a
variety of sources such as, storage battery, lead smelting,
tetraethyllead manufacturing and mining, plating, ammunition,
ceramic and glass industries (Kadirvelu et al., 2001).

In mammalian systems, lead compounds have been shown
to impair a number of physiological parameters including central
nervous system (CNS) development and synthesis and functioning
of neurotransmitters (Meredith et al., 1988), reproduction (Goyer,
1991) and metabolic processes (Ma, 1991). Severe exposure to
lead has been associated with sterility, abortion, still birth and neonatal
deaths (Goyer et al., 1972). Elevated levels of lead in soils may
decrease soil productivity and a very low level of lead may inhibit
some vital plant processes, viz., photosynthesis, mitosis and water
absorption with toxic symptoms of dark green leaves, wilting of
olderleaves, stunted foliage and brown short roots (Kabata-Pendias,
2001; Yang et al., 2004). Lead resistant bacteria are known which
can remove toxic lead from the environment. For example,
Pseudomonas marginalis shows extracellular lead exclusion and
Bacillus megaterium has intracellular lead accumulation efficiency
(Roane et al., 1999). Pb(ll)-resistant strains of Staphylococcus
aureus and Citrobacter freundii that accumulate metal as an
intracellular lead-phosphate have also been isolated and studied
(Levinson et al., 1998).

Bacterial arsenate reduction and lead accumulation
represents a potential environmental implication to bioremediation.
So, in the present study, we have attempted to isolate and
characterize two bacterial strains belonging to Bacillus sp. that are
capable of accumulating considerable amount of lead and arsenate
and can thus be employed in bioremediation.

Materials and Methods

Isolation of metal resistant bacterial strains: Slag samples
(100 g) were collected in sterile plastic bags from lISCO (Indian
Iron and Steel Company) slag disposal site whichiis located in West
Bengal, India at 23°40' 0 N latitude and 86° 55' 60 E longitude
(Pandey and Maiti, 2008). The samples were mixed properly and
enriched for arsenate and lead resistant clones by incubating 10 g
of slagin 90 ml of sterile water amended with 10 ml Luria Bertani
medium and 20 ug ml" sodium arsenate (NaH,AsO,) and lead
acetate [Pb (CH,CO0), ] at 37°C for 2 hr (Higham and Sadler et al.,
1984). Supematants were plated at 10 dilution by spread-plate
method on LB agar medium containing 20 ug ml of NaH,AsO,and
Pb (CH,CO0), The plates were then incubated at 37°C. The
colonies which appeared after 3 days of incubation were further
screened at higher concentrations (20-800 ug ml) of each heavy
metals [NaH,AsO,and Pb (CH,COO),]. Finally, two strains named
AsSP9 and PbSP6 were selected for further studies.

Optimization of culture condition: Optimum temperature,
pH and salt concentrations preferred by these bacteria were
determined by growing the cells in LB broth at variable pH,
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Fig. 1: A. Standard growth curve of the bacterial isolates; B and C.
Accumulation efficiency of PbSP6 and AsSP9 at different growth stages.
Values are mean of 5 replicates + SE

temperature and salt concentrations. Growth patterns were
determined for both under predetermined optimum conditions.
The most utilizable nitrogen and carbon sources were
determined by growth in Davis-Mingioli’s medium (Davis and
Mingioli, 1950) supplemented with respective nitrogen or carbon
sources at concentrations of 0.1 and 1%, respectively. The
growth was measured at 540 nm.

Determination of maximum tolerance limit and accumulation
efficiencies: The maximum tolerance limit (MTL) was determined
for the selected strains AsSP9 and PbSP6 in comparison to the
sensitive strain of E. colias control. For this the bacteria were grown
in LB broth containing gradually increasing concentrations of sodium
arsenate and lead acetate, respectively ranging from 100 -1200 g
ml* for resistant clone and 5-50 ug ml for E. coli.
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Fig. 2: Optimum conditions for growth and accumlation. A= Effect of NaCl, B = Effect of pH, C = Effect of temperature on AsSP9; D = Effect of NaCl,

E = Effect of pH and F = Effect of temperature on PbSP6

The accumulation efficiencies of AsSP9 and PbSP6 were
measured by Atomic Absorption Spectroscopy (AAS). For this 500
mg cell pellets obtained at different time interval were suspended in
20 ml miliQ water added with 5% concentrated HNO, and 0.5%
concentrated HCI. The cell suspensions were then digested in
Anton Paar MDS (Rotor Model No. 12HF100) according to User
001H of Perkin Elmer Application Note (Instruction Manual, Perkin
ElmerAAnalyst 700).

Phenotypic studies: Phenotypic studies such as Gram staining,
endospore staining, motility behaviour, biochemical tests, acid production
tests etc were done following standard protocols (Benson, 1990).

Statistical analysis: Values are mean of 5 replicatesof + SE . All
data were subjected to student’s t-test analysis with significance
level of p<0.05 using SPSS software package.

Scanning electron microscopy (SEM): For SEM overnight
grown cultures were harvested by centrifugation at 4000 rpm and
washed three times with 0.1 M PBS. Then the cells were fixed in
2.5% glutaraldehyde prepared in phosphate buffer for 1 hr. Cells
were then washed with 0.1 M PBS three times to remove all traces
of gluteraldehyde. After this - the cells were dehydrated, by treatment,
in the following graded solutions of alcohol 30, 50, 70, 90 and
100%. Each treatment was given 10 min and the last one for 30
min. The cells were then mounted on cover slips with proper dilution
and subjected to scanning electron microscopy (Watson et al.,
1984).

DNA extraction and phylogenetic study: PCR amplification of
the 16S rDNA was carried out using primers 8-27f (5'-
AGAGTTTGATCCTGGCTCAG-3') and 1492r (5'-
TACGGYTACCTTGTTACGACTT-3'). Amplified PCR products were
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Fig. 3: Carbon and nitrogen source utilization. (A) shows different carbon source utilization and (B) shows different nitrogen source utilization

purified and sequenced and continuous sequences of 791 and 862
nucleotides of 16S rRNA gene for AsSP9 and PbSP6, respectively
were used to search for homology through GenBank and RDP
database (Saha and Chakraborty, 2006). Neighbour-Joining
phylogenetic tree was constructed by TREECON software package
with correction of Jukes and Cantor (Jukes and Cantor, 1969)
using Bacillus subtilis strain DSM10T as an out group. Overall
stability of the tree topology was determined by bootstrap analysis
of 100 replications.

Results and Discussion

The growth pattern of AsSP9 and PbSP6 has been shown
in the Fig. 1A. The result indicated a doubling time of about 100 min
for both, however, the PbSP6 picked up slower than AsSP9. The
stationary phase reached at about 22 hr in both. The optimum
temperature, pH and NaCl concentrations required for growth and
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accumulation were found to be 37°C, pH 7 and 4-6%, respectively
(Fig. 2). The isolates, however, showed normal growth up to pH 9.
The alkaliphilic nature and salt tolerant abilities of the strains were
significant with respect to their application in metal contaminated,
salinated alkaline soil for bioremediation. Moreover, the slag, the
natural habitat from which these bacteria were isolated also had a
pH of 9.8 (Pandey et al., 2008). The increased metal tolerance in
relation to pH has been reported in Aspergillus sp. by Faryal et al.
(2007) . The arsenate and lead accumulation efficiencies as
determined by Atomic Absorption Spectroscopy were found to be
4.7 ug g of dry cells for AsSP9 and 0.686 mg g of dry cells in
PbSP6 (Fig. 1B,C). The accumulation efficiency of AsSP9 was low
but its maximum tolerance level was about 800 pg mi-* suggesting
that the strain might have an efflux mechanism (Cervantes et al.,
1994) by which it is releasing the arsenate in its reduced form i.e.
arsenite. Thus, AsSP9 survives in a medium that contains both
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Fig.4: Scanning Electron Micrograph at magnification x 5000 indicating phenotypic characteristics of two bacterial isolates. (A) PbSP6 showing rod shaped
cells (size, 2-5 um) in short chain; (B) AsSP9 showing rod shaped cells (size, 2-4 um) in long chain. Chain length has been indicated by arrows
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Fig. 5: Phylogenetic tree based on neighbour-Joining method showing the relationship between strains PbSP6, AsSP9 with various members of Bacillus
cereus group. Bootstrap values of 100 replications (only values above 60) are shown at the nodes. The tree was generated using TREECON software.
Sequence from Bacillus subtilis strain DSM10" was taken as out group. Bar, 0.02 base substitutions per site

arsenate, which was added and arsenite, whichwas released from
the cell. It is also purely resistant to arsenite (200 g mi*). Reduction
of arsenate to arsenite has been reported in several Gram - positive
and Gram - negative bacteria such as Bacillus arsenicoselenatis
(Switzer Blum et al., 1998), Bacillus selenitireducens (Switzer Blum
et al., 1998) , Chrysiogenes arsenatis (Yamamura et al., 2003),
Desulfosporosinus aunpigmentum (Newman et al., 1997), Shewanella
trabarsenatis (Saltikov et al., 2003) etc. In PbSP6, the accumulation
occured in the stationary phase, as well as the death phase. So a
passive means of adsorption might be the mechanism involved in this
case (Puranik et al., 1999).

Since it was found that the accumulation efficiencies in both
the cases were directly related to growth rate or biomass, we
determined the most preferred nitrogen and carbon source for
growth. The most suitable nitrogen source for the isolate AsSP9
was DL-tryptophan and for PbSP6 was L-tryptophan when these
amino acids were used as sole source of nitrogen. The most suitable
carbon source also varied. While AsSP9 preferred lactose as the
best carbon source for growth, the PbSP6 preferred sucrose as the
most suitable carbon source when used as the sole source of
carbon in DM’s medium (Fig. 3). Astudy of this kind may help us in
designing cost effective nutrient media for these isolates.
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Table - 1: Phenotypic characteristics of the isolates AsSP9 and PbSP6
AsSP9 PbSP6

Characteristics

Gram’sreaction + +
Cell shape Rods Rods
Endospore + +
Motility (+) (+)
Biochemical tests

Indole test - -
Methyl red test + +
Voges Proskauer test

Citrate utilization

H,S production

Gas production

Casein hydrolysis

Esculin hydrolysis

Gelatin hydrolysis

Starch hydrolysis

Nitrate reduction

Catalase test

Oxidase test

Arginine dihydrolase

Tween 20 hydrolysis

Tween 40 hydrolysis

Tween 80 hydrolysis (Lipase test)
Acid production from

Glucose

Maltose

Xylose

Salicin + +
Mannose

+
+

—
+
—
—
+
~—

+ + + + + + + +

+ + + + + + + + + + +

+ +

+ = Positive; - = Negative; (+) = Weak positive

The results of the phenotypic studies have been depicted
in the Table 1. Although, both the strains showed almost similar
phenotypic characteristics, they differed with respect to sporangial
bulging and lipase activity (Tween 20, Tween 40 and Tween 80
utilization). PbSP6 was lipase positive whereas AsSP9 was not.
They also differed slightly with respect to cell size and arrangement
as evident from the scanning electron micrograph (SEM) data which
indicates a chain-like arrangement of the bacilli with AsSP9 forming
longer chains (Fig. 4B) than PbSP6 (Fig. 4A). This chain-like
arrangement is in accordance to their relationship with Bacillus
anthracis as evident from the phylogram also, however, unlike
anthracis the isolates showed motility.

Analyses based on partial 16S rRNA gene sequences
indicated that both the strains have a degree of similarity in
sequence (99.9%) between them. The strain PbSP6 showed an
absolute 100% sequence similarity with closest Bacillus
thuringiensis strain ZJOU-010 and Bacillus thuringiensis |AM
120777. While the strain AsSP9 showed 100% sequence similarity
with Bacillus cereus strain ZQP3 and Bacillus anthracis ATCC
14578, Phylogenetic analysis was carried out using 16S rRNA
gene sequences from type strains of Bacillus anthracis, Bacillus
cereus, Bacillus mycoides, Bacillus thuringiensis and Bacillus
weihenstephanensis. The two heavy metal resistant strains
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showed greater than 99.0% sequence identity with type strains of
Bacillus cereus group.

The neighbour joining phylogenetic tree (Fig. 5) revealed
that the strain AsSP9 along with Bacillus anthracis formed a cluster
while the strain PbSP6 formed a clade in between Bacillus cereus
and the cluster formed by Bacillus thuringiensis - Bacillus mycoides
- Bacillus weihenstephanensis. The strains, although showed high
extent of 16S rRNA sequence similarity with members of Bacillus
cereus group, in the absence of overall genome comparison data
and detailed chemotaxonomicdata, they could not be givena species
status. These strains were concluded as Bacillus sp.

It has been shown that microbes have the capability to
reduce arsenate, but whether they reduce it for detoxification or for
growth is a matter of concemn. Ina sample of agricultural soil, arsenate
reduction was not coupled to growth (Jones et al., 2000), rather it
could be linked to detoxification. However, in the JMM-4 strain of
Bacillus sp., a close relative of Bacillus arsenicoselenatis isolated
from arsenic contaminated mud in Australia had been capable of
oxidizing lactate to acetate while reducing arsenate to arsenite
(Santini et al., 2002). The strain JMM-4 is also a haloalkaliphilic
organism similar to the AsSP9. Regarding lead resistance there
are reports that level of resistance for lead is also directly related
with the biomass whichis in accordance with our study (Konopka et
al., 1999).

Conclusively, two bacterial isolates belonging to the genus
Bacillus sp. have been isolated from a slag disposal site of an iron
andsteel factory and characterized in the present study. The strains
designated as AsSP9 is arsenate resistant and PbSP6 is lead
resistant. They have been characterized with respect to their growth
requirements and heavy metal accumulation efficiencies and a direct
relation of biomass and accumulation could be established.
Identification was based on phenotypic characteristics and partial
16S rRNA genes and thus the specific epithet could not be assigned.
The 16S rRNA gene sequences obtained have been submitted to
GenBank with an accession numbers of FJ798592 and FJ798593
respectively for PbSP6 and AsSP9.

Acknowledgments

We are very thankful to WBPCB, Durgapur Regional
Laboratory, India for their help regarding AAS. We are also very
thankful to 11ISCO authorities for allowing us for sample collection
and other related studies.

References

Balasoiu, C., G. Zagury and L. Deshenes: Partitioning and speciation of
chromium, copper and arsenic in CCA-contaminated sites: Influence
of soil composition. Science Tot. Environ., 280, 239-255 (2001).

Benson, H. J.: Microbiological application — A laboratory manual in general
microbiology. 5™ Edn. C. Brown Publishers, USA (1990).

Bhattacharjee, H. and B.P. Rosen: Arsenic metabolism in prokaryotic and
eukaryotic microbes. In: Molecular microbiology of heavy metals
(Eds.: D.H. Nies and S. Silver). Springer, Heidelberg. pp. 371-406
(2007).



Metal resistant Bacillus strains from slag

British Geological Survey, “Phase 2 ground water studies of arsenic
contamination in Bangladesh. British geological survey,” Nottingham,
United Kingdom (2001).

Cervantes, C., G. Ji, J.L. Ramirez and S. Silver: Resistance to arsenic
compounds in microorganisms. FEMS Microbiol. Rev., 15, 355-367
(1994).

Chauhan, N.S., Ravi Ranjan, H.J. Purohit, V.C. Kalia and R. Sharma:
Identification of genes conferring arsenic resistance to Escherichia
coli from an effluent treatment plant sludge metagenomic library.
FEMS Microbiol. Ecol., 67, 130-139 (2009).

Cullen, W.R. and K.J. Reimer: Arsenic speciation in the environment.
Chem. Rev. Vol., 89, 713-764 (1989).

Davis, B.D. and L.S. Mingioli: Mutants of Escherichia coli requiring methionine
or vitamin B12. J. Bacteriol., 60, 17-28 (1950).

Faryal, R., A. Sultan, F. Tahir, S. Ahmed and A. Hameed: Biosorption
of lead by indigenous fungal strains. Pak. J. Bot., 39, 615-622
(2007).

Goyer, R.A. and I.J. Chisolan: Lead. In metallic contamination and human
health. Ed. By Lee DHK, New York and London, Academic Press,
67 (1972).

Goyer, R.A.: Lead toxicity: Current concerns. Environ. Hith. Perspective,
100, 177-187 (1991).

Higham, D.P., P.J. Sadler and M.D. Scawen: Cadmium-resistant
Pseudomonas putida synthesized novel cadmium proteins. Science,
225, 1043-1046 (1984).

Jackson, C.R., K.G. Harrison and S.L. Dugas: Enumeration and
characterization of culturable arsenate resistant bacteria in a large
estuary. Syst. Appl. Microbial., 28, 727-734 (2005).

Jones, C.A., H.W. Langer, K. Anderson, T.R. McDermott and W.P.
Inskeep: Rates of microbially mediated arsenate reduction and
solubilization. Soil Sci. Soc. Am. J., 64, 600-608 (2000).

Jukes, T.H. and C.R. Cantor: Evolution of protein molecules. In: Mammalian
protein metabolism. Edited by HN Munro. New York: Academic
press. pp. 21-132 (1969).

Kabata-Pendias, A.: Trace elements in soil and plants. CRC Press, Boca
Raton, Florida, USA, (2001).

Kadirvelu, K., K. Thamaraiselvi and C. Namasivayam: Removal of heavy
metals from industrial waste water by adsorption onto activated
carbon prepared from agricultural solid waste. Biores. Technol., 6,
63-65 (2001).

Konopka, A., T. Zakharova, M. Bischoff, L. Oliver, C. Nakatsu and R.F.
Turco: Microbial biomass and activity in lead contaminated soil.
Appl. Environ. Microbiol., 65, 2256-2259 (1999).

Levinson, H. and I. Mahler: Phosphatase activity and lead resistance in
Citrobacter freundii and Staphylococcus aureus. FEMS Microbiol.
Lett., 161, 135-138 (1998).

Ma, W.: Hazardous exposure of ground-living small mammals to cadmium
and lead in contaminated terrestrial ecosystems. Arch. Environ.
Contam. Toxicol., 20, 187-195 (1991).

Mandal, B.K., T.R. Chowdhury, G. Samanta, G K. Basu, P.P. Chowdhury,
C.R. Chanda, D. Lodh, N.K. Karan, R.K. Dhar, D.K. Tamili, D. Das,

779

K.C. Saha and D. Chakraborti: Arsenic in groundwater in seven
districts of West Bengal, India — The biggest arsenic calamity in the
world. Curr. Sci., 70, 976-986 (1996).

Meredith, P.A., M.J. Mcintosh, M. Petty and J.L. Reid: Effects of lead
exposure on rat brain catecholaminergic neurochemistry. Comp.
Biochem. Physiol., 89C, 215-219 (1988).

Newman, D. K., E. K. Kennedy, J. D. Coates, D. Ahmann, D. J. Ellis, D.
R. Lovley, and F. M. M. Morrel: Dissimilatory arsenate and sulfate
reduction in Desulfotomaculum auripigmentum sp. nov. Arch.
Microbiol., 168, 380-388 (1997).

Nordstrom, D.K.: Worldwide occurrence of arsenic in ground water. Sci.,
296, 2143-2145 (2002).

Pandey, S. and T.K. Maiti: Physicochemical and biological characterization
of slag disposal site at Burnpur, West Bengal. Pollut. Res., 27,
345-348 (2008).

Puranik, P.R. and K.M. Panikar: Biosportion of lead, cadmium and zinc by
Citrobacter strain MCM B-181: Characterization studies. Biotechnol.
Prog., 15, 228 (1999).

Roane, T.M.: Lead resistance in two isolates from heavy metal-contaminated
soils. Microb. Ecol., 37, 218-224 (1999).

Saha, P. and T. Chakraborti: Emticicia oligotrophica gen. nov., sp. nov., a
new member of the family ‘Flexibacteraceae’, phylum ‘Bacteroidetes.
Int. J. Syst. Evol. Microbiol., 56, 991-995 (2006).

Saltikov, C.W. and D.K. Newman: Genetic identification of a respiratory
arsenate reductase. Proceedings of the National Academy of
Sciences of the United States of America, 100, 2003, 10983-10988
(2003).

Santini, J.M., J.F. Stolz and J.M. Macy: Isolation of a new arsenate
respiring bacterium — Physiological and phylogenetic studies.
Geomicrobiol. J., 19, 41-52 (2002).

Silver, S. and L.T. Phung: Genes and enzymes involved in bacterial
oxidation-reduction of inorganic arsenic. Appl. Environ. Microbiol.,
71, 599-608 (2005).

Smedley, P.L. and D.G. Kinniburgh: A review of the source behaviour and
distribution of arsenic in natural waters. Appl. Geochem., 17,
517-568 (2002).

Switzer Blum, J., A. Burns Bindi, J. Buzzeli, J.F. Stolz and R.S. Oremland:
Bacillus arsenicoselenatis, sp. nov. and Bacillus selenireducens,
sp. nov.: two haloalkaliphiles from Mono Lake, California that respire
oxyanions of selenium and arsenic. Arch. Microbiol., 171, 19-30
(1998).

Watson, L.P., A.E. Mckee and B.R. Merrell: Preparation of microbiological
specimens for scanning electron microscopy. Scan. Elect. Micro.,
Il, 45-56 (1984).

Yamamura, S., M. lke and M. Fujita: Dissimilatory arsenate reduction by a
facultative anaerobe, Bacillus sp. strain SF-1. J. Biosci. Bioeng., 96,
454-460 (2003).

Yang, Q.W., W.S. Shu, J.W. Qiu, H.B. Wang and C.Y. Lan: Lead in paddy
soils and rice plants and its potential health risk around Lechang
lead/zinc mine, Guangdong, China. Environ. Int., 30, 883-889
(2004).

Journal of Environmental Biology o November 20110



