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ABSTRACT Introduction of Heavy metals like Lead, Chromium, Cadmium, Nickel, Copper, and Cobalt into the Natural habi-
tat like soil, water and air causes significant environmental problem. Lead (Pb) is a major pollutant found in soil wa-

ter and air is hazardous and highly toxic to human, animal, plants and Microorganisms.  Interestingly some microorganisms like Staphylo-
coccus spp. Escherichia. Coli, Flavobacterium spp., Bacillus spp are having ability to detoxify such heavy metals so play role with cleaning up 
or remediating heavy metal contaminated environment. Present study deals with isolation identification and characterization of the heavy 
metal resistant bacteria were isolated from sewage water followed with the study of lead tolerance and bioremediation. In initial screening 
five bacterial isolates were selected out of this two bacterial isolates shows high Lead resistance as well multiple antibiotic resistance ability 
might be possible to use in bioremediation.

INTRODUCTION:
Heavy metal pollution of soil and wastewater leads significant 
environmental problem. Wastewater arises from the industries 
and sewage sludge applications have permanent toxic effect to 
human and environment. Lead is a major pollutant that is found 
in the soil water and air is hazardous waste which is highly toxic 
to Animals, plants, and microorganisms. Bioremediation reme-
diates the environment like contaminated soils and water with 
bacteria. Bacteria which are carried out the bioremediation are 
mostly resistant to the contaminant; such resistant was devel-
oped by various mechanisms, and correlated with the Antibiotic 
resistance. Bacterial species had been isolated from the drinking 
water that was tolerate to metals and antibiotics simultaneously 
(Rinoy, Varghese et. Al.2012). Such resistance was mostly gener-
ated due to the acquired ability to tolerate the metals by various 
mechanism like Efflux of the metals and antibiotics, Intracellu-
lar bioaccumulation, Precipitation, Extracellular sequestering, 
Biosorption (Sabyasachi Chatterjee et al 2013) Heavy metals like 
the Lead Arsenic and Cadmium Contaminated to the Soil wa-
ter and air which are hazardous to the life leads to the Mental 
retardation in children which are also inhibits the growth of 
microorganisms. Interestingly some bacteria have the ability to 
detoxify such metals (Khan et. Al 2009). Lead occurs in four  dif-
ferent valence states Pb0, Pb+, Pb2+, and Pb4+ within them Pb2+ is 
more soluble and bioavialable under condition of low PH,  Low 
organic content, low levels of particulate matters and low con-
centration of the salts of calcium, Iron, Manganese, zinc and 
Cadmium (Harrison et.al 2009).  Some bacteria like staphylococ-
cus spp., Klebsiella spp, E.coli show Chromium resistance, Acen-
itibacter, Flavobacterium spp. And Citrobcter spp shows cadmium 
resistance and its possible to use for bioremediation purpose In 
most of the such cases heavy metal resistance is associate with 
the antibiotic resistant because gene encoding antibiotic resist-
ance and metal resistance present on the same plasmid. (Ama-
lesh Samanta et at.2012).

MATERIALS AND METHODS:
Collection of environmental samples:
Sampling sites:
Soil samples as well as surface water sample were collected from 
several solid waste dumping sites from various points of waste 
discharge. And different sites of Ulhas River, located near the Ul-
hasnagar Samples were collected in sterile polycarbonate bottles 
and used within 24 hrs of collection for physicochemical and 

bacteriological analysis. 

Also sample was collected from Common Effluent treatment 
plant located at Koparkhairane Vashi; Thane-Belapur region is 
collected and treated. The bottles containing water samples of 
effluent were mechanically shaken prior to use and kept for 10 
minutes to allow the heavy particles to settle down. Physico-
chemical analysis of water and soil samples was done to deter-
mine pH (using digital pH meter), temperature (using mercury 
thermometer) as per the standard procedures. The appropriate 
volume of water sample was taken for physicochemical and bac-
teriological analysis

Enrichment of the collected samples: 
Each 10 g soil sample was added to 90 ml sterilized water and 
mixed on the magnetic blender for 30 min to separate bacteria 
from the soil completely. After being deposited for 20 min, 1 ml 
suspension was added to NB broth and incubated at 30°C for 
24hrs on 120 rpm. Heavy metals incorporated into media were 
used. The NB incorporated with lead heavy metal was prepared. 
The concentration of each heavy metal was maintained at 300 
μg/ml of the medium

Isolation of lead Resistant Bacteria:
Bacterial strains were isolated from soil and effluent of Metal 
Sewage. Isolation was achieved by serial dilution method. Fol-
lowed with a loop full sample was streaked to sterile Nutrient 
agar medium plates and spread properly in three different petri-
plates or in one by making segments, as available. The plates 
were then kept for incubation at 37oC for 24 – 48 hrs. The con-
centration of each heavy metal was maintained at 300 μg/ml of 
the medium

Determination of threshold level of metal resistance
For the determination of MIC, heavy metal resistant bacterial 
isolates were grown in NB tubes with gradually increasing the 
concentration of the respective heavy metal. The initial mini-
mum concentration used was 300μg/ml. Each Subsequent trans-
fer to NB agar plates with increasing the metal concentration 
until the isolate failed to grow. This concentration above which 
bacterial isolates failed to grow was considered as threshold lev-
el of metal resistance.

Identification and Characterization of Bacterial Isolates:
From sample five morphologically different isolated colonies 
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were selected after 48 hrs of incubation. All the isolates were 
placed for identification, characterization as per the Bergey’s 
manual of determinative Bacteriology (Holt et.al. 1994).     

Determination of environmental optimum conditions (pH, tem-
perature, and salinity and carbon sources) for growth of lead re-
sistant bacteria

Carbon source:
Carbon sources viz. glucose were tested in nutrient medium in 
order to select best carbon source required for lead resistance. 
Overnight grown culture was inoculated in fresh growth media 
(pH7) to a starting optical density of 0.02 at 600 nm. Bacterial 
isolates were grown in the presence of different carbon sources 
(0.4 %) at 30°C , 150 rpm and growth was monitored after 24  hrs 
by measuring absorbance at 600 nm.

PH:

Bacterial growth at various pH values from 5 to 9  were tested 
to investigate optimum  pH required by the lead resistant bacte-
rial isolate for growth and lead resistance in nutrient broth me-
dia amended with lead acetate. Bacterial isolates were grown at 
different pH values at 30°C and 150 rpm. Here 0.4% glucose was 
used as carbon source and growth was monitor after 24 hrs by 
measuring absorbance at 600 nm (0.D)

Temperatures:
Bacterial growth at various temperatures ranging from 0-40°C were 
tested to investigate best temperature required by the lead resistant 
bacterial  isolates for growth and lead resistance in  nutrient medi-
um with lead acetate. Here 0.4% glucose was used as carbon source 
and growth was monitored after 24 hrs with constant shaking at 
150 rpm by measuring absorbance at 600 nm (O.D).

Salinity:
Bacterial growth at various NaCI concentration ranging from 
0.5-3% were tested to investigate best NaCI concentration  re-
quired by the lead resistant bacteria for growth and lead resist-
ance. Bacterial isolates were grown at different medium with 
lead acetate.  NaCl concentration at pH 7.0 and 30°C with con-
stant shaking at150 rpm. Here 0.3% glucose was used as carbon 
source and growth was monitored after 24 hrs by measuring ab-
sorbance at 600 nm.

Association of metal resistance with multiple drug resist-
ance:
Antibiotic susceptibility test of lead resistant bacterial isolates 
was performed following Kirby—Bauer disc diffusion method 
(Bauer et al., 1966) using Muller—Hinton agar  and antibiotic 
discs (Himedia, India).Various antibiotics tested are as follows: 
chloramphenicol(C), gentamycin(G), ,ampicillin (A), Cloxacillin 
(AX), neomycin (N), nitrofurantoin (Nf) , nalidixic acid (Na), cip-
rofloxacin (Cf), cephaloridine (Cr), Oflaxacin (OF) and  Diameter 
of zone of inhibition of test isolates caused by individual antibi-
otics was compared with standard chart (Himedia) and based 
on these results resistance or sensitivity of bacterial isolates to 
the tested antibiotics was determined.

Effect of isolates on different metals:
The isolates found were tested for the resistance using different 
metal ions. Medium used was nutrient agar containing different 
metal salts. Different metals used were zinc chloride, copper sul-
fate, mercuric chloride, manganese chloride. 24 hrs old cultures 
of Isolates were spread against antibiotic disc and Incubated at 
37o C for 24 hrs

Immobilization of lead resistant bacteria:
Freely-suspended microbial biomass has disadvantages that in-
clude small particle size, low mechanical strength and difficult 

biomass/effluent separation. Immobilized biomass particles in 
packed- or fluidized-bed reactors minimize these disadvantages 
(Macaskie & Dean, 1989; Gadd & White, 1990). Immobilized liv-
ing biomass has mainly taken the form of biofilms on supports 
made of a range of inert materials. Lead resistant bacteria were 
immobilized in form of calcium alginate beads of uniform size 
and allowed to harden at 40 C.

RESULT AND DISCUSSION:
Isolation of lead Resistant Bacteria:
Bacterial strains were isolated from lead contaminated soil. Dif-
ferent morphological isolates were found. In which five colonies 
were screened from initial level of heavy metal supplemented 
NA medium. Out of different bacterial culture, five bacterial iso-
lates were selected and purified.  As per the Bergey’s manual of 
determinative bacteriology, the selected isolates were studied for 
the morphological, cultural and biochemical test the isolate G1 
is found to be Bacillus spp & G2 is Proteus spp respectively which 
are used for further study.

Optimization of growth parameters: PH 

The pH was optimized to for maximum growth in presence of 
respective metal at a

threshold concentration of the selected bacterial isolates. 
Growth response of bacterial isolates at different pH was ana-
lyzed by spectrophotometericaly at 600 nm where optimum pH 
for isolate G1was 7.0 while optimum pH for isolate G5 was 7.0

Temperature
Selected bacterial isolates found to show different characteristic 
growth on nutrient broth at different temperature. So tempera-
ture was optimized for maximum growth of the bacterial iso-
lates. G1 was found optimum at 370C temperature whereas G2 
also was found to be optimum at 370 C.

Salt concentration
Selected bacterial isolates found to show different characteristic 
growth on nutrient broth at different salt concentrations. So salt 
was optimized for maximum growth of the bacterial isolates in 
the presence of respective metal at threshold concentration indi-
cates that and 0.5%  was optimum for both the isolate

Glucose concentration
Selected bacterial isolates found to show different characteristic 
growth on nutrient broth at different glucose concentrations. So 
salt was optimized for maximum growth of the bacterial isolates 
in the presence of respective metal at threshold concentration 
indicates that and 0.5%   was optimum for both the isolates

Association of metal resistance with multiple drug resist-
ance:
After incubation the plates for 24 hrs at 37oC zone of clearance 
was observed around the antibiotic disc. The zone of clearance 
was measured and compared it with the standard Kirby bauers 
chart of antibiotics the result observed as follows: 

Table 1: Antibiotic sensitivity table
Sr. No Antibiotics used Bacillus Spp Proteus Spp
1 Aztreonam (AO) resistant intermediate
2 Ampicillin(AMP) intermediate intermediate
3 Nitrofurantoin (NIT) resistant resistant
4 Trimethoprim (TR) sensitive resistant
5 Ciprofloxacin(CIP) sensitive sensitive
6 Gentamycin (GEN) intermediate intermediate
7 Neomycin (N) resistant resistant
8 Chloramphenicol (C) intermediate sensitive
9 Ofloxacin (OF) sensitive sensitive
10 Cloxacillin(AX) sensitive resistant
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Effect of different metal on isolates:
The isolates found were tested for the resistance with different 
metal ions. Medium used was nutrient agar containing different 
metal salts. Hence the Bacillus spp and Proteus spp were found 
resistant to both mercury and manganese metal.

 Table12: Effect of different metal on isolates

Metal salt used  Bacillus spp Proteus spp

ZnCl2 sensitive sensitive

CuSO4 sensitive sensitive

HgCl2 resistant resistant

MnSO4 resistant resistant

Immobilization of lead resistant bacteria:
Freely-suspended microbial biomass has disadvantages that in-
clude small particle size, low mechanical strength and difficult 
biomass/effluent separation. Hence the isolates obtained are im-
mobilized forming calcium alginate beads. Immobilized biomass 
particles in packed- or fluidized-bed reactors minimize these 
disadvantages. Variety of bioreactor configurations including ro-
tating biological contactors, fixed bed reactors, trickle filters, flu-
idized beds and air-lift bioreactors used which can further used 
for bioremediation. 

CONCLUSION:
Bacillus strains resists 1200mg/L lead acetate and alteration in 
cell morphology as reduction in cell size when exposed to lead 
acetate. And Proteus spp strain found resist 1600mg/L lead ac-
etate. Optimization with different growth parameters was done. 
Temperature, pH, glucose concentration and salt concentration 
are different parameters used. Immobilized Heavy metal resist-
ant microorganisms play an important role in the bioremedia-
tion of heavy metal contaminated soils. 


