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Heavy metals pollution in the environment due to coal fly ash generated from
thermal power stations posses significant global problem and necessitate definitive
remediation measurement. Due to its excessive use and dumping, at high concentrations,
they become toxic to both human and microbes. Bacteria have evolved mechanisms to
adapt in heavy metals contaminated environments and thus represent a potential source
for bioremediation processes. In the present study soil samples were collected from the
vicinity around selected thermal power stations of Chhattisgarh and Maharashtra state
in India. Ten heavy metals, Cr, Cu, Ni, Co, Cd, Mn, Pb, Hg, Fe and Zn were tested. The
statistical analysis of test samples revealed considerably high levels of Cd, Pb and Hg. A
total of 49 strains were isolated from soils from different sampling locations and 19
strains were found tolerant for Cd, Pb and Hg. The maximum tolerable concentrations
(MTCs) of Cd, Pb and Hg for each isolate were determined. Observed maximum MTCs
were 800 ppm for Cd, 900 ppm for Pb and 900 ppm for Hg. Plasmids of sizes approx 12,
1.3 and 0.9 kb were detected in most bacterial strains with resistance to Cd, Pb and Hg.
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Industrial development is increasing
globally and exploitation of natural resources
such as coal in energy sectors has become the
major issue regarding the heavy metal
contamination. Dependence on coal as an energy
source in thermal power plants resulted in vast
quantities of coal residuesknown asfly ash (FA).
FA generation has been considered as a matter of
concern al over the world. In India, more than
100 million ton of FA is generated annually from
coal-based thermal power plantst. The production
of FA (including both fly ash and bottom ash) may
likely to exceed 140 million ton per annum by
2020 2 The major FA producing countries were
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USA followed by China and India and their
production was estimated to be 129, 125 and 105
million tonnes at the end of 2002 respectively 3
but now the scenario has changed and India
became the major FA producing country till the
end of 2014 “.

The coal fly ash contains significant
amounts of toxic metals such as As, Ba, Hg, Cr,
Ni, V, Pb, Zn and Se> 5. The coal fly ash occupies
much space in the premises of industrial plants
and is mixed with water to discharge into fly ash
settling ponds or landfills. Large quantities of coal
fly ashes lead to the contamination of
environmental component as a major source of
inorganic pollution.

Metal pollution in soil environment
affects the organisms such as bacteria. Heavy
metal s are acutely toxic to microbes but still there
are metal resistant bacteria present in the natural
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environment. Metal tolerant bacterial populations
often represented by several Gram positives
belonging to Bacillus, Arthrobacter and
Corynebacterium as well as Gram negatives as
Pseudomonas, Alcaligenes, Ralstonia and
Burkholderia "°. Microorganisms, including
bacteria possess a variety of mechanisms to deal
with high concentrations of heavy metals and
often are specific to one or afew metals°. These
mechanisms may be encoded by chromosomal
genes; however, most of the time resistance
associated with plasmids™.

The plasmid can be the source of
resistance genes for cloning purpose which have
potential use in biotechnology such as the
manufacture of biosensors and bioremediation
processes'?. Some bacterial strains are studied for
their resistant capabilities for different metals
with the ability of detoxify and resist the metals
to remediate the contaminate soils 3. There are
very few studies showing the rel ationship between
these species heavy metal resistance patterns and
the presence of plasmid. Therefore, from
environmental point of view, isolation should
focus on multiple heavy-metal resistance bacteria.

The main objective of the present study
is to determine the presence of plasmid in heavy
metals resistant bacteria isolated from
contaminated soil around the vicinity of thermal
power plants, evaluate the predominant
contaminating metals by statistical tools and
investigation of maximum tolerable metal
concentration (M TC) of predominating metalsfor
bacteria. Identification of species was performed
using 16SrDNA analyses.

MATERIALSAND METHODS

Samplinglocations

Soil sampleswerecollected from different
locationsfrom sel ected thermal power plant (TPP)
sitesat NTPC, Korba, NTPC Sipat in Chhattisgarh
and TPP Koradi and TPP Akolain Maharashtra,
India. Sampleswere collected in sterile polythene
bags and stored at 4 °C for further study. Control
soil wasalso collected far from theindustrial zone.
Heavy metal analysis

The levels of selected ten heavy metals
Cd, Pb, Zn, Cr, Cu, Ni, Fe, Hg, Mn and Co in sail
sampleswere analyzed in triplicateswith an atomic
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absorption spectrophotometer (AAS). Mercury
analysiswasdone by direct mercury analyzer DMA
- 80 (milestonelnc.). Element analyseswere carried
out by using the standard method described by
AOAC, 1999, Theblank was preparedinthesame
manner asthe samples. The values of the elements
and blank obtained from the AASwere cal cul ated,
and values were expressed as mg/K g of dry mass.
Deter mination of predominant metals

Enrichment of metal concentration above
baseline concentrations was calculated using the
method proposed by Muller (1969)%, termed as
geo-accumulation index (Igeo) and given by:

Igeo = |Og [Cm: Sample/ (15 X Cm: Background)] (1)

The factor 1.5 minimizes the effect of
possible variationsin the background values, C_|
Background” which may be attributed to lithogenic
variationsin soils (Figure 1). The | oo classeswith
respect to soil quality are provided in Table 1.
Prepar ation of soil-born bacterial suspension

A 10 g portion (wet weight) of the sail
wasmixedin asterile 250 ml Erlenmeyer flask with
90 ml of a0.85% (w/v) salt solution and incubated
at 30°Cinashaker incubator at 90 rpmfor 2 hours.
The suspensions obtained were filtered through
Whatman no-1 filter paper (Merck, Germany) under
sterile conditions, and these filtered bacterial
suspensions were used for further work.

I solation of bacteria

Subsamples (1.0 ml) withdrawn from the
soil-borne bacterial suspension were serially
diluted (inrange: 10'*-10"%) and each dilution was
plated in triplicate on nutrient agar (Himedia,
India). The pH of the final medium was adjusted
to 7.2. 50 mg/l of actinomycin D was added to
the medium to preclude the growth of fungi 1¢.The
plateswereincubated aerobically at 37°C for either
24-48 h. Independently growing colonies were
randomly selected (on the basis of morphology)
for further analysis.

Determination of Maximum Tolerance
Concentration (MTC)

For testing heavy metal resistance, the
predominant metals Cd, Hg and Pb used as CdCl.,,
HgCl, and Pb(CH,COO0),3H,0 were added to
sterilized Luria agar medium in concentrations
varying from 50 ppm to 1000 ppm. Plateswerethen
spot inoculated and incubated at 37 °C for
24- 48 hours. The MTC of heavy metals was
designated as the highest concentration of heavy
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metal that allowed. Investigation of heavy metal
resistance in some bacterial strainsisolated from
industrial soils growth after 2 days. All of the
experiments were replicated thrice. Different
tolerable concentrations of metals in bacteria are
showninFig. 2.
Plasmid isolation and electrophoresis

Plasmid DNAs were isolated from the
bacteria by Plasmid isolation kit (3BBlackBio,
India). The isolated plasmids were characterized
by agarose gel electrophoresis according to the
standard procedure of Sambrook and Russell
(2001)*". Agarose gel electrophoresis was
performed through horizontal slab gel of 0.7%
agarose submerged in TAE buffer at 100 V for
1 hour. The molecular sizes of the plasmids were
determined by comparison with DNA ladder
(EcoRI-Hind Il double digest) on a gel
documentation system (Alpha Imager).Fig. 3.
DNA extraction and amplification of 165rRNA by
polymerasechain reaction (PCR) and analysisof
thePCR products

Bacterial DNA was extracted

manually using alkaline lysis method *” from soil
isolates. The resulting high-molecular-weight
DNA was stored at < 20°C and was used as a
template in appropriate PCR experiments. The
16SrRNA fragment were amplified with bacterial
universal primerst® 27F (forward 5
GAGTTTGATCACTGGCTCAG 3) and 1492R
(reverse 5 TACGGCTACCTTGTTACGACTT 3)
.Each reaction mixture contained 5 ul of template
DNA, 2.5ul of 10X Mg-free Taq buffer (Fermentas,
Canada), 2 ul of 2 mmol/I MgCl,,, 2.5 ul of 2mmol/|
of each dNTP (Fermentas, Canada), 0.5 pmol of
each primer and 1.25U of Taq DNA polymerase
(Fermentas, Canada). PCR conditions were as
follows: Initial denaturation at 94°C for 3 min
followed by amplification in which the following
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conditionswere used: denaturation at 94°C for 40
s, annealing at 60°C for 30s and elongation for 1
minat 72°Cfor 35 cycles. Fina extensonwasgiven
at 72°Cfor 10 minsand PCR product was stored at
-20°Cfor further analysis. Theamplified fragments
of 1500 bp were visualized by running 5ul of the
PCR products on 1.5% agarose gels containing
ethidium bromide (Fig. 4). A 1 kb DNA ladder
(Fermentas, Canada) was used as a size marker.
Amplified DNA i.e, of 16SrRNA fragment, were
sequenced in both directions in ABI Genetic
Analyzer 3500 using ABI Big Dye™ Terminator
Cycle sequencing kit by Chromous Biotech Pvt.
Ltd, Bangalore, Karnataka, Indiawith raw datafiles
returned for analysis. Sequences obtained were
compared to the non-redundant nucleotide
database in GenBank using BLAST (Basic Local
Alignment Search Tool) algorithm.

RESULTS

Metal analysis of industrial soils

AAS was used for determination of the
heavy metal contents of the contaminated soils
(data not shown). Soil from a different
geographical region was used as the control. Fig.
1 gives a clear picture of the moderate to high
contamination of soilswith fly ash by avariety of
heavy metals. The concentrations of Cd, Pb and
Hg in the soils were considerably higher as
compared with the values of the control soil by
Geoaccumulation Index study (I ). The values
and contamination level of | __isgivenin Table 1.
Maximum toleranceconcentration (MTC)
Cadmium toxicity

Theresistance to Cd was found up to the
range of 800 ppm of CdCl, by 8 species out of 49
species isolated from all locations. Pseudomonas
spp. Strains showed a maximum frequency of

Tablel1. Thel geocla$eswith respect to soil quality (Muller, 1969)

I oo Value I oo Class Designation of Soil Quality

>5 6 Extremely contaminated

4-5 5 Strongly to extremely contaminated

3-4 4 Strongly contaminated

2-3 3 Moderately to strongly contaminated

1-2 2 Moderately contaminated

0-1 1 Uncontaminated to moderately contaminated
0 0 Uncontaminated
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resistancei.e. 4 strains followed by two Bacillus
spp., one Klebsiella pneumoniae and one
Acromobacter spp. (Fig. 2).
L ead toxicity

The resistance to Pb was found to bein
the range of 900 ppm of Pb (CH,COOQ).3H,0,
opposite to cadmium Bacillus spp. Strains
showed higher frequency of resistance followed
by Pseudomonas spp.
Mercury toxicity

The most abundant heavy metal in the
soilsof Maharashtrastatelocationswas Mercury,
as compared with the values of the control soil
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(Fig. 1). The resistance was found to be in the
range of 900 ppm of HgCl,, and more variant of
bacterial species were found resistant to mercury
such as Pseudomonas spp. followed by Bacillus
spp., Aeromonas spp., Achromobacter spp. and
Staphylococcus spp.
Plasmid profilesof bacterial strains

To determine the plasmid contents in
bacteriafrom the soil samples, plasmid DNAswere
isolated from all the nineteen species of bacteria
that showed the highest MTC values for Ph, Cd
and Hg. According to the electrophoresis
separation approximately 12, 1.3 and 0.9 kb size
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Fig. 1. (A): l o index map showing enrichment of heavy metalsin soil samplesaround thermal power station Korba
and Sipat (C.G) (b) o index map showing enrichment of heavy metalsin soil samplesaround thermal power station,
Koradi (M.S) (c): l o index map showing enrichment of heavy metalsin soil samplesaround thermal power station
Paras, Akola(M.S) (d): Symbolsused for metalsin | o index mapping
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Table 2. GenBank accession number and identical speciesname of isolates

S.No. GenBank Accession Number ~ Name of species Percent Identification
1 KP238211 Pseudomonas plecoglossicida 99%
2 KP238212 Pseudomonas spp. 100%
3 KP238213 Bacillus firmus 99%
4 KP238214 Pseudomonas stutzeri 100%
5 KP238215 Bacillus aerophilus 100%
6 KP238216 Aeromonas hydrophila 99%
7 KP238217 Pseudomonas otitidis 100%
8 KP238218 Bacillus mojavensis 100%
9 KP238219 Achromobacter xylosoxidans 99%
10 KP238220 Pseudomonas aeruginosa 100%
un KP238221 Pseudomonas putida 100%
12 KP238222 Pseudomonas monteilii 100%
13 KP238223 Bacillus firmus 99%
14 KP238224 Staphylococcus arlettae 99%
15 KP238225 Klebsiella pneumoniae 99%
16 KP238226 Bacillus aquimaris 99%
17 KP238227 Pseudomonas spp. 99%
18 KP238228 Pseudomonas spp. 99%
19 KP238229 Pseudomonas spp. 99%

plasmidswere detected in most of the Pseudomonas
spp. Strains and 12 kb size of plasmids were
detected in Bacillus spp. (Fig. 3).
Bacterial | dentification by 16Sr DNA analysis
PCR amplification of the 16SrDNA gene
produced fragments of approximately 1500 base
pairs in size (Figure 4). Full length sequence of
the 16 SrDNA gene was deduced for 19 isolates

showing toleranceto high concentration of Pb, Cd
and Hg. Sequences were aligned and the closest
match was detected using BLAST. Identification
of thestrainsby 16SrDNA gene sequencerevea ed
that the strains belonged to Pseudomonas spp.,
Bacillus spp., Aeromonas spp., Klebsiella spp. and
Acromobacter spp. (Table 2). Nucleotide
sequences generated in this study have been
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Fig. 2. Maximum tolerance concentration of isolates for Cd, Pb and Hg
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Fig. 3. Plasmid isolation from metal tolerant isolates.
Lane1-13: (1: Marker EcoRI hind 111; 2: KP238225; 3:
KP238222; 3: KP238217; 4: KP238228; 5: KP238219;
6: KP238221; 7: KP238213; 8: KPP238227; 9: KP238214;
10: KP238220; 11: KP238218: 13: KP238211)

1.5Kb—

Fig. 4. 16S rRNA gel picture of some metal resistant
isolates. Lane 1-8: (1: Marker 1KB; 2: KP238211; 3:
KP238212; 4: KP238213; 5: KP238214; 6: KP238215;
7: KP238216; 8: KP238217; 9: KP238218)

deposited with the GenBank databases under the
accession numbers (KP238211 to KP238229).

DISCUSSION

Our findings indicated that considerably
high levels of Pb, Cd and Hg were present in the
soils near thermal power plants as compared with
thelevelsof control soil. Studies have shown that
some metals such as Zn, Cu, Ni and Cr are
essential or beneficial micronutrients for plants,
animal sand microorganisms, whereas others, such
as Cd, Hg and Pb have no known biological or
physiological functions. However, all these metals
could betoxic at certain concentrations' 2. In some
studies when exposed to moderate heavy metal
concentrations, soil microorganisms were found
to be very sensitive 2.
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The pure isolated strains obtained from
the polluted locations were studied. Different
concentrations of each of three metal solutions
were prepared, the minimum concentration of each
metal added was 50 ppm and the concentration
was gradually increased till MTC was achieved.
Some of the strains were able to grow on higher
concentration of all three metals. This varying
response of tested bacteria might be due to
variation in resistance mechanisms, Resistance
of heavy metalsmight be chromosomal or plasmid
mediated Z.

Bacteria found in heavy metal enriched
environment have adapted various resistance
mechanisms. Heavy metals resistant genes are
often carried by plasmids and make bacteria able
to utilize metals for detoxification and removal
of heavy metals from contaminated
environment?. In this study we found avariety of
bacterial population showed resistance to metals
concentration in which maximum belongs to the
genus Pseudomonas followed by Bacillus,
Saphylococcus Aeromonas, Achromobacter and
Klebsiella.

In earlier studies resistance to heavy
metals is observed in a wide variety of bacteria,
especially in gram negative bacteria , such as
Pseudomonas, Alcaligenes, Ralstonia and
Burkholderia 262" 22930 Numerous studies have
reported on the heavy metal resistance of
Pseudomonas aeruginosa obtained from
different heavy metal polluted environments® 3
32, 33

In the present study, we also evidenced
the tolerance of the strains that belongs to non-
Pseudomonas genus such as Bacillus, Klebsiella,
Saphylococcus, Aeromonas and Ahcromobacter
species to various concentrations of Pb, Cd and
Hg. Various Bacillus species have also been
investigated which are heavy metals resistant in
some research work in which they reported
Bacillus aquamaris, Bacillus cereus, Bacillus
subtilis as a potential strains for heavy metal
resistance'® 34 %,

Theresults of thisstudy showed ahigher
plasmid incidence in the isolated bacteria (Fig.
3). These isolated bacteria demonstrate that
resistance to heavy metals by genes present on
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their plasmids suggests the exertion of selective
pressure on such bacteria through contamination
with heavy metalsin their environment. Heavy metal
resistance genes are often found on plasmids and
transposons % %,

CONCLUSION

The presence of bacteria capable of
tolerating heavy metals from soil samples from
fly ash contaminated sites around the vicinity of
selected thermal power plants investigated.
Bacteria that resist high levels of heavy metals
were isolated in pure cultures. All wereidentified
to belong to the different genera such as
Pseudomonas, Bacillus, Aeromonas,
Achromobacter, and Staphylococcus. In
summary our results revealed that the 19 isolates
showed remarkable tolerance against heavy
metals, could be potential agents for the
development of a soil inoculants applicable in
bioremediation of heavy metals polluted
agricultural and industrial sites. The genetic
capacity of bacteria can be exploited for the
remediation of heavy metal pollution. Genetic
improvement may help to develop the field of
existing methodologies to decontamination
processes. Considering the wide range of
multiple-metal resistant at high concentrations by
bacterial isolates of present study, these isolates
could help in the effective bioremediation of
heavy metal contaminated sites.
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