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Introduction:-

Heavy metal contamination of soils constitutes an ill-defined group of inorganic chemical hazards such as, Lead
(Pb), Chromium (Cr), Arsenic (As), Zinc (Zn), Cadmium (Cd), Copper (Cu), Mercury (Hg) and Nickel (Ni)!. Heavy
metal contamination of soil has become a serious environmental threat around the world due to industrial activities,
soil waste disposal, fertilizers and sludge application, irrigation, wastewater and automobile exhausts®®. In
contaminated soil, the physical and chemical form of contaminants strongly influences the selection of appropriate
treatment approach. Conventional techniques used for removing dissolved heavy metals include chemical
precipitation, carbon adsorption, electrolytic recovery, ion-exchange, chelation and solvent extraction or liquid
membrane separation®. Disadvantages associated with above procedures like high cost, incomplete removal, low
selectivity, high energy consumption end generation of toxic slurries limit its application at large scale. Microbes
offer an alternative to traditional adsorbents, as they are cheap, readily available and are ecofriendly.
Microorganisms are the natural decomposers and can be used in heavy metal removal process. Bioremediation,
which is removal of heavy metals by microorganisms is readily used as a strategy to remove pollutants’.

Biosorption can be defined as the selective sequestering of metal soluble species, resulting in the mobilization of
metals by microbes. Metal sequestering takes place via complex formation, chelation, co-ordination, ion-exchange,
precipitation and reduction®. Bioremediation uses mainly microorganisms such as, yeasts, fungi or bacteria to clean
up contaminated soil and water. Heavy metal resistant microbes present in the contaminated sites use the
contaminants (Pb, Cr, etc) as a source of nutrient and energy®™*. Biosorption of heavy metals by microbes can
follow either metabolism independent or dependent pathways. Independent metabolism can be physical or chemical
sorption onto the microbial cell walls whereas, dependent metabolism comprises transport, internal
compartmentalization and extracellular precipitation by metabolism. Interestingly, biosorption can also be carried
out by metabolically active or inactive cells*?. Different species of Aspergillus, Pseudomona, Saprophytic, Bacillus,
Phanerochaete, etc. have been reported as efficient chromium and nickel reducers. The response of microorganisms
towards toxic heavy metals is very important for reclamation of polluted sites*®. Our study was focussed on
isolating and screening the heavy metal resistant microbes and to evaluate the biosorption potential of heavy metals
from contaminated soil of Bhagwanpur industrial area.

Materials and Methods:-

Sampling:-

Soil samples were randomly collected from the industrial area of Bhagwanpur and composite sample was formed by
mixing the collected samples, Sample was stored in polythene bags 4°C for further analysis.

Physico-chemical and heavy metals analysis of soil sample:-

The soil sample was analysed for different physico-chemical properties such as pH, moisture content, temperature,
water holding capacity, carbon, organic matter, total nitrogen and available phosphorous™®. Samples was digested by
taking 1 g of sample in 250 mL glass beaker with 8 mL of aqua regia on a sand bath for 2 h. After evaporation to
near dryness the samples were dissolved with 10 mL nitric acid and diluted to 50 mL using distilled water. Total
metal concentration (Cr, Ni, Co, Cu, Fe, Cd, Pb, and Zn) of digested soil samples was analysed by using AAS.

Isolation and screening of heavy metal resistant bacterial strains:-

Soil samples were serially diluted upto 107 and were spread on nutrient agar plates. Plates were incubated at 37°C
for 24 h . . After 24 h of incubation, colony forming unit of each plate was calculated and according to
morphology, bacterial isolates were purified further by streaking on nutrient agar plate. Bacterial isolates were
maintained on agar slants. Isolates were screened on nutrient agar enriched with 25 ppm of different heavy metals
and incubated at 37°C for 24 h. After incubation plates were observed and four bacterial isolates were used for
biosorption potential.

Minimum inhibitory concentration:-

The minimum inhibitory concentration (MIC) of Pb, Cr, Ni and Zn at which no growth occurred was determined by
agar diffusion method™®. Nutrient agar containing bacterial strain was poured in petri-plates and allowed to solidify.
After solidification five partitions were formed with bore well depth of 2 mm. Metal solution (10 pl) of Pb, Cr, Ni
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and Zn having concentration 25, 50, 100, 200 and 400 ppm were poured in wells separately. These petri-plates were
incubated at 37°C for 24 h, and after incubation plates were observed.

Identification of bacterial isolates:-

The selected bacterial isolates were identified by Gram staining and some biochemical tests such as Indole test,
Methyl red (MR) and Voges-Proskauer (VP) test, Starch hydrolysis test, Urease production test, Citrate utilization
test, Catalase activity and Oxidase test.

The molecular characterization of selected isolates was done by 16S sequence analysis. The bacterial genomic DNA
was extracted using standard protocol®’. The strains were amplified by PCR using two bacterial 16S primers, 5°-
AGAGTTTGATCMTGGCTCA-3 (27F) for forward sequencing and 5’-CGGTTACCTTGTTACGACTT-3’
(1492R) for reverse sequencing. 16S rRNA sequences were deposited to GenBank database to get the accession
number and most similar sequence alignment using www.ncbi.nIm.nih.gov/BLAST® was identified. The nucleotide
sequences were aligned with MUSCLE and phylogenetic tree was constructed with the help of MEGA 5.2 software.

Biosorbent Preparation:-

All the strains were inoculated separately into 100 mL nutrient broth in 500 mL conical flasks and incubated on a
shaker at 150 rpm for 24 h at 28°C. The cells were grown to late exponential phase, harvested by centrifugation
(REMI, India) at 10,000 rpm for 30 min at 4°C and washed three times with deionized water. Cell suspensions for
assay of biosorption potential of live bacteria were prepared by resuspending the cell pellet in deionized water.
Biomass concentration in cell suspensions were determined by drying an aliquot in a preweighed aluminum foil
container to a constant weight at 80°C™.

Biosorption experiment:-

Dried and powdered living biomass (10.0 mg £ 0.1) of four isolates was inoculated separately into 100 mL of metal
solution containing 25 to 400 ppm of Ni, Cr, Zn and Ph. Metal-free and biosorbent-free solutions were prepared as
controls. The flasks (250 mL) were kept on rotatory shaker for 24 h at 30°C and 150 rpm. After 24 h, cells were
harvested from the medium and content of supernatant were analyzed after proper digestion and dilution by AAS.
The optimum pH and temperature were maintained for the growth of microorganisms in batch culture®.

Biosorption capacity i.e. amount of metal ion (mg) bioabsorbed/g of dried biomass was calculated using the
following equation:
Q=(Ci-CopV)/m

Whereas Q = mg of metal ions uptake per gram biomass (mg/g), C; is initial concentration of metallic ions (mg/L);
m is dried mass of biosorbent in the reaction mixture (g) and V is volume of reaction mixture (mL).

Results and Discussion:-

Physico-chemical analysis of soil sample:-

The physico-chemical parameters such as, pH, temperature, moisture content, water holding capacity, carbon,
organic matter and nitrogen are listed in Table 1. pH of soil quality is an important index of acidity or alkalinity. The
pH of soil sample analysed was found to be 6.3 £ 0.4 at temperature 35.58 + 2.5°C. Water holding capacity is the
total amount of water that a given type of soil can hold and is an important indicator for crop production. Average
water holding capacity and moisture content was found to be 35.58 + 2.5 % and 1.23 + 0.7 % respectively. Soil
carbon content improves the physical properties of soil whereas, organic matter is important for plant growth as it
provides nutrients and trace elements. Carbon and organic matter content was found to be 0.23 + 0.1% and 0.33 £
0.08% respectively, while nitrogen in the sample was 0.34 £ 0.07 %. This indicates that due to industrialization there
is a decrease in nitrogen content availability for crop or plant growth.

Heavy metal analysis of soil samples:-

The total metal analysis was done by ICP-MS and concentration of Zinc (Zn), Nickel (Ni), Chromium (Cr), Cobalt
(Co), Lead (Pb), Cadmium (Cd), Iron (Fe) and Copper (Cu) were determined in soil sample (Table 2). High
contamination of Zn in the sample was found due to higher input of Zn in the industrial products of Bhagwanpur
industrial area. Contamination of soil with zinc is associated with the haematological disorders. Concentration of
Pb, Ni and Cr were also high in soil sample. Higher doses of chromium is known to cause liver and kidney damage,
while chromate dust is reported to be carcinogenic. Nickel is highly corrosion-resistant metal and commonly used
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for pure nickel plating. According to Indian standards, desirable limit for Cr, Pb, Zn and Ni is 0.05 mg/g, 0.05 mg/g,
5.0 mg/g and 0.01 mg/g respectively. These results indicate that soil is contaminated with many heavy metals, and
urgent action is required for its remediation.

Isolation and screening of resistant bacterial strains:-

After serial dilution of soil sample, bacterial isolates were selected based on colony morphology and colour. These
isolates were further purified by streaking separately on nutrient agar plates. Isolated bacteria were further screened
for resistance against heavy metals. As soil was highly contaminated with Ni, Cr, Pb and Zn, resistivity of four
isolates against 25 mg/g concentration of these four metals was tested. Among ten isolates only four bacteria showed
resistance against metals (Ni, Cr, Pb and Zn). These isolates were named as S12, S13, S3B and S44.

Minimum Inhibitory concentration:-

The minimum inhibitory concentration (MIC) of bacterial isolates has been depicted in Table 3. MIC range of
isolates against various metal concentrations was in the range of 25 mg/g to 400 mg/g. MIC was found species
specific and metal dependent.

Identification:-

The selected bacterial isolates listed in Table 4 were positive to several biochemical tests. Based on these
biochemical tests and Bergey’s manual of bacteriology®’, isolates were identified as Staphylococcus spp (S44),
Acinetobacter spp. (S3B), and Enterobacter spp. (513) and Pantoea spp.(S12).

The molecular characterization of selected bacterial isolates was done by 16S rRNA sequence analysis, which
revealed the bacterial strains. After sequencing 99% similarities were found between S44, S3B and S12 with
Staphylococcus gallinarum, Acinetobacter calcoaceticus and Pantoea agglomerans respectively by BLAST
(www.ncbi.nIm.nih.gov/BLAST). One of the isolates was identified as new species of Enterobacter genera (S13) as
it did not match with any sequence in BLAST. Phylogenetic tree was prepared by using neighbour joining tool,
which showed the relation between the isolates and their respective neighbour type strains.(Figure 1, 2, 3 and 4).

Biosorption Experiment:-

On the basis of minimum inhibitory concentration to various metals, four isolates were evaluated for metal
biosorption potential. Biosorption of heavy metals is the passive accumulation by micro-organisms like bacteria,
algae and fungi. Dried biomass (0.1 g) of four isolated species (S12, S13, S44 and S3B) was used for biosorption of
Ni, Cr, Pb and Zn at five initial concentrations of 25, 50, 100, 200 and 400 mg/g. The pH of the working solution
was kept constant as the biosorption capacity of cell is sensitive to pH?2. The biosorption capacities of metal by four
isolates are described in Table 5. Biosorption of Pb and Zn was maximum at all initial concentrations both in
Acinetobacter spp. (S3B) and Enterobacter spp. (S13). Biosorption capacity increases with the metal concentration.
Biosorption of Zn and Cr was maximum at 100 mg/g initial concentration for Staphylococcus spp. (S44) and
Enterobacter spp. (S13). Minimum biosorption capacity was showed by Pantoea agglomerans (S12) at all initial
concentration of four metals individually. Biosorption of Zn was recorded maximum at 400 ppm initial metal
concentration. Acinetobacter spp. (S3B) and Enterobacter spp. (S13) is 229.0 £ 2.0 and 216.8 + 0.8 respectively.
Thus, Acinetobactor spp. (S3B) and Enterobactor spp. (S13) could bicadsorb metals in the order Zn>Pb>Ni>Cr;
Staphylococcus spp. (S44) showed in Ni>Zn>Cr>Pb; Pantoea agglomerans. (S12) in order Zn>Ni>Pb>Cr. Thus,
Biosorption was influenced by the initial metal concentration. Among the isolated bacterial strains, biosorption
capacity was found in order as Acinetobacter calcoaceticus> Enterobacter spp.> Staphylococcus gallinarum=>
Pantoea agglomerans. The data on biosorption of various metal varied due to difference in the biomass, biosorption
condition include pH and method employed®2*,

Conclusion:-

In this study Cr, Zn, Pb and Ni resistant bacteria were isolated from heavy metal contaminated soil. Tolerance data
with extremely high range of heavy metal concentrations, revelaed that heavy metal resistant bacterial isolates can
tolerate metal toxicity up to 400, thus paving a new way for safe, reliable and cost-effective treatment of heavy
metal contaminated soil around the world.
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Table 1:- Physico-chemical properties of soil sample.

S.No. Parameter Test value
1. pH 6.3+ 0.26
2. Temperature 30°C £0.5
3. Moisture content(%) 1.23+0.7
4. Water holding capacity (%) 35.58 +2.5
5. Organic carbon (%) 0.23+0.1
6. Organic matter (%) 0.33£0.08
7. Nitrogen (%) 0.34 +0.07

Table 2:- Heavy meal concentration of soil sample.

S.No. Metals Concentration (ppm)

1. Chromium (Cr) 11.29+ 3.5

2. Nickel (Ni) 6.27+1.1

3. Copper (Cu) 3.21+0.6

4. Caobalt (Co) 1.34+0.1

5. Zinc (Zn) 30.11+0.7

6. Lead (Pb) 3.50+0.5

7. Cadmium (Cd) 0.027 + 0.004

8. Iron (Fe) 0.58+0.1

Table 3:- Minimum inhibition concentration of four isolates (‘+++’ is 75% inhibition, ‘++’ is 50% inhibition, ‘+’ is

25 % inhibition, ‘-° is no inhibition).

Metals Initial S3B S44 S12 S13
concentration
25 + + ++ +
50 + ++ + +

Pb 100 + + + -
200 ++ + ++ -
500 + - + -
25 +++ +++ ++ ++
50 +++ ++ +++ +
100 +++ + +++ +

Zn 200 +++ + +4++ +
500 +++ + +++ -
25 ++ ++ + +
50 ++ + + +
100 + + + +

Cr 200 + +++ + -
500 - +++ + -
25 ++ +++ + +++
50 + +++ + +

Ni 100 + ++ - +
200 + ++ - -
500 - + - -

Table 4:- Identification of Isolates.

Characteristics S3B S44 S12 S13

Gram staining - + - -

Methyl red - - + +

\oges proskeur - - + +

Urease production - - + +

Catalase activity + + + +

Oxidase test - - - -
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Nitrate reduction - + + +
Alkaline phosphatase - + - -
Phenylalanine deaminase + - - -
Acid from glucose + - + +

Table 5:- Biosorption of heavy metals by bacterial isolates [values are mean + SE of 3 replicates]

Metals Initial concentration | S3B S44 S13 S12

25 19.06 + 0.65 18.2+0.51 20.6 0.5 12.8 +0.03

50 31.7+0.76 30.3+0.38 29.5+1.8 24.7+0.15
Pb 100 68.5+1.01 67.2+1.46 59.2+3.0 -

200 96.29 £3.01 77.3+1.35 87.6 £0.08 -

500 123.6 £3.12 - 105.4+2.7 -

25 13.4+£0.79 19.12+0.33 14 £0.19 13.6 +0.1

50 42.2+1.15 39.2+1.1 436+1.2 32.46 +0.06

100 91.6 +0.03 73.1+0.8 92.01+0.3 64.9 +£0.26
Zn 200 107.39 £ 1.27 101.6 £0.79 1154 +1.8 99.7+1.01

500 229.07+2.0 208.9 £ 0.6 216.86 £ 0.8 -

25 15.23+0.38 16.9+0.5 9+0.7 -

50 27.8+2.01 32.2+1.3 19.4+0.38 26.7+0.18
Cr 100 61.8+0.77 72.9 0.5 67.6+0.3 3.6+0.11

200 - 109.9 + 0.51 99.03+0.3 -

500 - 258.8 £ 0.67 157.03+ 0.6 -

25 16.5+1.23 22.8+0.64 14.81 £ 0.07 15.2 +0.08

50 34.4+0.25 40.6 £0.59 23.9+0.52 30.7+0.15
Ni 100 61.6+0.3 79.1+0.26 - 43.7 £0.06

200 89.5+0.29 119.3+0.49 - -

500 - 236 +2.66 - -

44

Figure 1:- S44 - Staphylococcus gallinarum.
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Figure 2:- S12- Pantoea agglomerans.

Staphylococcus aureus subsp. anaerobius strain MVF-7
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Figure 3:- S3B-Acinetobacter pitti.
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Figure 4:- S13- Enterobacer spp.
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