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Abstract The present research study investigates bio-
remediation potential of biostimulated microbial culture
isolated from heavy metals waste disposal contaminated
site located at Bhayander (east), Mumbai, India. The
physicochemical and microbial characterization includ-
ing heavy metal contaminants have been studied at
waste disposal site. The microorganisms adapted at
heavy metal-contaminated environment were isolated,
cultured, and biostimulated in minimal salt medium
under aerobic conditions in a designed and developed
laboratory bioreactor. Heavy metals such as Fe, Cu, and
Cd at a selected concentration of 25, 50, and 100 μg/ml
were taken in bioreactor wherein biostimulated micro-
bial culture was added for bioremediation of heavy
metals under aerobic conditions. The remediation of
heavy metals was studied at an interval of 24 h for a
period of 21 days. The biostimulated microbial consor-
tium has been found effective for remediation of Cd, Cu,
and Fe at higher concentration, i.e., 100 mg/l up to
98.5%, 99.6%, and 100%, respectively. Fe being a mi-
cronutrient was remediated completely compared to Cu
and Cd. During the bioaccumulation of heavy metals by
microorganisms, environmental parameters such as pH,
total alkalinity, electronic conductivity, biological oxygen
demand, chemical oxygen demand, etc. were monitored

and assessed. The pilot scale study would be applicable
to remediate heavy metals from waste disposal contam-
inated site to clean up the environment.
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Introduction

The rapid industrialization and urbanization have dra-
matically increased the generation of wastes and new
types of pollutants. Widespread pollution by heavy
metals generated from various industrial and agricul-
tural activities has adverse effects on human health
and ecosystems (Nriagu and Pacyna 1988). Heavy
metal toxicity can result in damaged or reduced mental
and central nervous function; lower energy levels; and
damage to blood composition, lungs, kidneys, liver,
and other vital organs. Long-term exposure may result
in slowly progressing physical, muscular, and neuro-
logical degenerative processes that mimic Alzheimer’s
disease, Parkinson’s disease, muscular dystrophy, and
multiple sclerosis. Allergies are not uncommon, and
repeated long-term contact with some metals or their
compounds may even cause cancer (International
Occupational Safety and Health Information Centre
1999). Metals are released into the environment from
natural weathering processes of the Earth’s crust, soil
erosion, mining, industrial discharge, urban runoff,
sewage effluents, air pollution, and pest or disease
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control agents applied to plants, among other sources
(Fargasova 1994; Alloway 1995; Raskin and Ensley
2000). Heavy metals are of serious concern as they are
nonbiodegradable, highly toxic, and are present in a
variety of waste streams that contaminate the environ-
ment. Thus, treatment technologies for contaminated
water, sediments, and soils with metals should be
developed. Biological, physical, and chemical meth-
ods have been developed for water purification and
metal recovery operations from wastewater (Schwartz
et al. 2001; Mercier et al. 2001; Thaveemaitree et
al. 2003).

Bioremediation processes are very attractive in
comparison to physicochemical methods for heavy
metal removal because they are less expensive and
highly efficient even at low heavy metal concentra-
tions (Gadd and White 1993). The use of microorgan-
isms in the removal of metals from contaminated
environment is generally considered promising
(Green-Ruiz et al. 2008). Many soils contaminated
with heavy metals contain heavy metal degrading
microorganisms. Due to limited environmental factors,
they are often limited to degradation. The biostimula-
tion method stimulates their activity by providing
nutrients, oxygen, and other amendments. Studies
conducted by Straube et al. (2003) have also shown
the effectiveness of the biostimulation method. Bacte-
ria show remarkable resistance to essentially all toxic
metal ions of environmental concern. Such resistance
to toxic metals may be possible either due to exclusion
of ions, biotransformation, accumulation, and pro-
duction of low molecular weight binding proteins
(Summers 1978; Silver and Misra 1988). To survive
under metal-stressed conditions, bacteria have evolved
several types of mechanisms in order to tolerate the
uptake of heavy metal ions. These mechanisms include
the efflux of metal ions outside the cell, accumulation
and complexation of the metal ions inside the cell, and
reduction of the heavy metal ions to a less toxic state
(Nies 1999).

The present research study deals with the bio-
remediation of heavy metals in bioreactor by bio-
stimulation of microorganisms isolated from heavy
metal-contaminated waste disposal site. The small-
scale industries located at Bhayander (east) which
is situated between the north latitude 19.305740°
(10 mode)019°18′20″ (60 mode) and east longitude
72.862411° (10 mode)072°51′44″ (60 mode) carry out
various processes/operations which include grinding,

mixing, plating, washing, milling, cutting, rubbing,
etc. During these processes, the metal-contaminated
solid waste is collected and dumped in a waste disposal
ground. Domestic waste is also directly disposed on the
ground by these small-scale industries. Also, rainwater
comes in contact with the contaminant, leaches the
soluble part of the metals into the surrounding environ-
ment, and causes heavy metal pollution. This study
involves physicochemical and biological characteriza-
tion of the waste disposal site. Microbial culture isolated
was further biostimulated by providing nutrients and
aerobic conditions. Although microorganisms were
present in contaminated soil, they were not necessarily
present in numbers for bioremediation. Therefore, it was
necessary to stimulate the growth and activity of micro-
organisms. The adapted microbial culture was further
used as a biomass for bioremediation of selected
heavy metals from waste disposal site, i.e., Fe, Cu,
and Cd at an appropriate concentration (25, 50, and
100 μg/ml) in a bioreactor under laboratory conditions.
The bioremediation was carried out in a glass vessel
wherein aerobic conditions were maintained, and a me-
chanical stirrer was provided for the close contact of
microorganisms with contaminant. After 3 weeks, met-
als were remediated completely. The biostimulated mi-
crobial culture was found to be very effective for
bioremediation of heavy metals, which can be used
as a culture for environmental cleanup of metal-
contaminated sites.

Materials and methods

Sampling site

The metal generated through various small-scale in-
dustries engaged in operations such as metal plating,
grinding, mixing, rubbing, milling, cutting, manufac-
turing of machinery tools, etc. is disposed of at a waste
disposal site located at Bhayander (east), Mumbai,
India. The soil/effluent/sludge samples were collected
from five different places of waste disposal site in
precleaned polythene bottles/bags for physicochemi-
cal and microbial characterization assays.

Physicochemical characterization of sample

Soil was air-dried, ground, and passed through a 2-mm
pore size sieve, and stored in sealed containers at room
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temperature. Microbial characterization was done im-
mediately after sampling. The samples were analyzed
for various physicochemical parameters like pH, tem-
perature, electrical conductivity (EC), total solids
(TS), total hardness (TH), total suspended solids
(TSS), total alkalinity (TA), phosphorus (P), total dis-
solved solids (TDS), including biological characteriza-
tion like biological oxygen demand (BOD), chemical
oxygen demand (COD), and dissolved oxygen (DO).
The parameters were analyzed as per the “APHA, Stan-
dard Methods for Water and Waste Water Analysis”
volume 2, 1989 (APHA 1979, 1989).

Bioremediation of heavy metals

Microbial biomass

Microorganisms, used as biomass for bioremedia-
tion of heavy metals, were isolated from soil sam-
ples collected from various locations of metal-
contaminated waste disposal site at Bhayander,
east. Nutrient agar was used for their isolation and
enumeration. Serial dilution method was adopted
for soil, sludge, and effluent, using sterile distilled
water as diluent. Each dilution (0.1 ml) was spread
on nutrient agar plates in triplicates, incubated for
24 h at room temperature, and the colonies were
counted on a colony counter. Colony-forming units
(CFU) per milliliter were calculated according to the
following formula:

CFU=ml ¼ Number of colonies� dilution factor

Size of inoculums

Preparation and activation of metal-contaminated
sample

The sample collected from metal-contaminated sites
was diluted with water in 1:1 ratio. The prepared
slurry was aerated and activated in a glass vessel for
a week at room temperature (30–35°C). The sample
was treated by “biostimulation method,” wherein the
required amount of nutrients and electron acceptors,
such as phosphorus, nitrogen, oxygen, or carbon
source (here glucose was used as carbon source) and
consortium of pre-existing microorganisms, were
added. The sample slurry was supplemented with basal
salt solutions which serve as a source for inorganic
nutrients (C:N:P). This helps in the growth and

proliferation of biomass. The salt solution comprises
(in grams per liter): Na2HPO4, 2.67; NH4Cl, 5.35; citric
acid, 4; glucose, 10; and blended with 6 ml of trace
elements solution. Trace elements solution contains (in
grams per liter): CaCl2·2H2O, 0.05; MgSO4, 5;
MnSO4·7H2O, 0.035; and FeSO4·7H2O, 0.2. After the
addition of nutrients and consortium, the sample was
subjected to aeration (by air pump) and agitation
(by stirring, with the help of magnetic stirrer). Samples
were collected in glass vials on daily and weekly
basis.

Physicochemical characterization of the sample
was determined according to soil chemical analysis
(Jackson 1973). The collected samples were charac-
terized for the assessment of its microbial diversity.
The slurry was grown on nutrient agar plate, and
different microbial colonies were isolated based on
morpho-colonial characteristics. The samples taken
were digested with nitric acid for heavy metal analysis
by atomic absorption spectroscopy (AAS).

Experimental setup for bioremediation
of heavy metals

In this process, contaminated solid materials (such as
soil and degraded sediments), microorganisms, and
water were made into slurry within a bioreactor. It
was a triphasic system containing air, water, and sol-
ids. Water serves as suspension medium for nutrients,
trace elements, pH adjustment, chemicals, and des-
orbed contaminants. Suspended particulate matter
(solid) forms the biologically inert substratum contain-
ing contaminants. Air provides oxygen for bacterial
growth. Bioremediation of heavy metals (Fe, Cu, and
Cd) was carried out in a bioreactor, having dimensions
20×20×25 cm, with provision for air (12 mg DO/l), to
maintain the aerobic conditions (Fig. 1, Singh and
Fulekar 2007). Five hundred milliliters of 1:1 diluted
sample was taken in the bioreactor wherein mechani-
cal stirrer was provided for agitation of biomass and
maintaining close contact of microorganism with con-
taminant. The activated microbial culture was taken as
microbial biomass for biodegradation of heavy metals.
The concentration of heavy metals, i.e., Fe, Cu, and
Cd were 25, 50, and 100 mg/l, respectively. Sampling
was done daily for 7 days, further on the 14th day and
21st day to study the complete biodegradation of Fe,
Cu, and Cd. The physicochemical parameters such as
pH, temperature, EC, TA, BOD, COD, and DO have
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been determined daily and then, after an interval of
1 week for two consecutive weeks.

The number of CFU per milliliter was counted
every 24 h. The CFU was determined by aseptically
plating serially diluted samples on sterile minimal agar
plates. The agar plates were incubated for 24 h at
37°C.

Sample preparation for metal analysis

For analysis of metal ion concentration in the effluent
samples, the method of spectrophotometry was adopted.
Filtrate of effluent samples (20 ml) was taken in a glass
beaker, and 1 ml of concentrated HNO3 was added and
kept on a hot plate for slow boiling. Exposing the

Fig. 1 Designed and devel-
oped bioreactor for biore-
mediation of heavy metals

Table 1 Physicochemical characterization of metal-contaminated samples

Parameters Site 1 Site 2 Site 3 Site 4 Site 5 Average

pH 7.44 8.59 7.49 8.35 8.08 7.99

Temperature (°C) 27.5 27.9 28.1 29 28.4 28.18

Color Black Brownish Black Brownish Black Black

Odor Pungent Pungent Pungent Earthy Pungent Pungent

EC (mS/cm) 0.78 1.65 1.61 0.16 0.23 0.886

TA (mg/l) 500 600 700 100 98.11 399.62

Acidity (mg/l) 12.5 25 62.5 28.57 11.111 27.94

TS (mg/l) 5,600 10,800 6,350 NA NA 7,583.33

TH (mg/l) 70 83 72 NA NA 75

TDS (mg/l) 2,950 3,250 6,200 NA NA 4,133.33

TSS (mg/l) 2,650 7,550 150 NA NA 3,450

DO (mg/l) 7.71 6.88 6.32 ND ND 6.97

BOD (mg/l) 598.42 240.83 3,284 ND ND 1,374.42

COD (mg/l) 13,600 36,000 37,600 ND ND 29,066.7

TOC (mg/l) 0.00144 0.0168 0.009 0.018 0.0108 0.0112

Phosphate (mg/l) 285 474 1,090 26.25 507.5 476.55

Sulfate (mg/l) 28.66 143.25 83 15,750 1,150 32,007.33

Nitrogen (mg/l) 0.35 0 0.4 1.5 1.65 0.78

Plate count (CFU/ml) 0.75×107 14.15×107 15.05×107 1.022×107 5.305×107 7.255×107

ND not detected, NA not applicable
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sample to high temperature removes all organic matters.
When the volume was added and again heated till the
volumewas reduced to 10 ml, clear solution (without
any suspended particles) was obtained. After obtaining a
clear solution, 5 N NaOH was added, which was then
passed through a Whatman No.41 filter paper, into a
volumetric flask and the volume of the filtrate was made
up to the mark, by adding deionized distilled water.
Digested samples were store in clean vials at −20°C till
analysis. Metal analysis was carried out using AAS
(APHA, AWWAWPCF 1998).

Results and discussion

The environmental contaminated site located at
Bhayander (east), Mumbai was selected for sampling

the water, sludge, and soil for their physicochemical
and microbial characterization.

Physicochemical characterization

The samples collected from five different places of the
contaminated site located in Bhayander (east), Mum-
bai. The samples were analyzed for different physico-
chemical parameters. The physicochemical parameters
studied show pH (7.4–8.5), temperature (27–29°C),
acidity (11.1–62.5 mg/l), TA (98–700 mg/l), total or-
ganic carbon (TOC, 0.00144–0.0168%), BOD
(240.83–1,374.42 mg/l), COD (13,600–29,066.7 mg/l),
EC (0.16–1.65 mS/cm), TH (70–83 mg/l, Table 1).
Clemente et al. (2007) have also demonstrated similar
values after physicochemical characterization of heavy
metal-contaminated site. Basu et al. (1997) have also
reported high levels of BOD and COD in heavy metal-
contaminated area which supported growth of chromate-
tolerant bacteria (Basu et al. 1997). The concentrations of
sulfate (32,007.33 mg/l), phosphorus (476.55 mg/l), and
nitrogen (0.78 mg/l) show that the microbial consortium
has sufficient supply of nutrients to survive and grow in
the metal-contaminated environment. The microbial
consortium adapted to the conditions at the contaminated
site was assessed, which shows the presence of bacte-
ria, fungi, and Actinomycetes, etc. (Table 2). Mi-
crobial analysis of contaminated samples shows the
presence of predominant organisms such as Pseudomo-
nas, Bacillus, and Escherichia coli. Other microorgan-
isms found to be present have been shown in Table 1.
Microbial diversity in the metal-contaminated samples
was observed in terms of CFU per milliliter.

Soil, sludge, and effluent samples were assessed for
metal ion concentrations (Cu, Cd, Fe, Zn, and Pb). It

Table 2 Microbial status of heavy metal-contaminated soil

Species Microorganisms CFU/ml

Bacteria Bacillus sp. 92×107

Streptococci sp. 41×105

Salmonella sp. 30×105

E. coli sp. 68×107

Pseudomonas sp. 128×108

Micrococcus sp. 10×104

Fungi Aspergillus sp. 20×103

Mucor sp. 15×102

Penicillium sp. 11×103

Rhizopus sp. 30×104

Actinomycetes Nocardia sp. 21×104

Micromonospora sp. 13×104

Rhodococcus sp. 15×105

Table 3 Metals present in contaminated area

Sample sites metal Water samples Soil Sludge

Site1 Site 2 Site3 Site4 Site5

Cd (mg/ml) ND ND ND ND 0.0433±0.005a

Cu (mg/ml) 0.2±0.01 0.19±0.005 0.24±0.044 2.89±0.105 5.54±0.55

Fe (mg/ml) 0.7±0.01 0.71±0.01 0.69±0.041 8.91±0.08 42.8±0.32

Pb (mg/ml) ND ND ND ND 1.50±0.42

Zn (mg/ml) 1.56±0.28 1.4±0.1 1.5±0.1 4.46±0.50 5.46±0.45

ND not determined
a Values are averages of three replicates±SD
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was found that the effluent sample contained Cu, Fe,
and Zn, while the sludge sample showed the presence
of Cd, Cu, Zn, Pb, and Fe, whereas in soil Cd and Pb
was not detected (Table 3). Heavy metals like Cu, Fe,
and Zn were present above the recommended US EPA
(Environmental Protection Agency) standards, only
Cd and Pb were the ones were present in very low
concentration in all the samples.

Adaptation of microbial consortium by biostimulation

Effluent samples contain a large number of microor-
ganisms, thus demonstrating rich microbial diversity.
Microbial consortium isolated from contaminated
samples was adapted using Biostimulation method
for a period of 14 days. During experiments, environ-
mental parameters such as pH, temperature, EC, TA,
DO, BOD, and COD were maintained and monitored
(Table 4).

After treatment, significant changes were observed
in the physiochemical characteristics and metal ion
concentrations (as shown in Table 4). When the sam-
ple was tested for the physiochemical parameters, it
was observed that the pH decreased till day 7, indicat-
ing that the native microorganisms are uptaking the
metal ions for their growth. But by day 14, the pH
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reached to 7 indicating that the organism may have
reached saturation and are precipitating out the metal
ions in less toxic form. Metal precipitation caused by
some bacteria producing ammonia, organic bases, or
hydrogen sulfide that precipitates metals as hydroxides
or sulfides. In a similar study, chromate-reducing bacte-
ria,Enterobacter cloacae, resistant to chromate, reduced
Cr(VI) to Cr(III) which is precipitated at pH 7 and thus
detoxified (Wang et al. 1989).

EC estimates the amount of TDS or the total
amount of dissolved ions in the minimal medium
which was found to vary from 7.28 to 11.26 mS/cm
(Fig. 2). BOD of the treated sample decreased to a
level wherein it can be estimated that the native micro-
organisms were able to degrade the organic materials
present in the effluent sample, and this also indicates
the presence of aerobic microorganisms. COD of the
sample decreased, but did not come to the acceptable
limit. Since the COD is slightly above the acceptable
limit, the effluent needs to be processed even further
before being discharged in various kinds of water.

After the treatment of the effluent sample for
2 weeks, it was observed that the metal ions were

completely removed from the sample, except Cu and
Zn which still remained but in a very low amount
which was in the acceptable limits. Thus, decrease in
the metal ion concentration shows that the native
organisms were capable of removing the metal ions
from the sample, may be utilizing it as a growth factor.

Bioremediation of heavy metals in bioreactor

After spiking the effluent sample with different con-
centrations (100, 50, and 25 ppm) of metal ions Cu,
Cd, and Fe for 3 weeks, it was observed that the pH of
the sample was slightly alkaline and that the pH of the
sample containing 25 ppm showed more reduction
compared to the one with 100 and 50 ppm. Such
reduction in pH indicates metal uptake by the grown
native microorganisms. The increase in pH results in
favoring the dissolution of metals and makes it more
available for microorganisms. The temperature (in
degrees Celsius) of all the three concentrations (Fig. 3)
was in the range of 29±0.7°C to 28±0.8°C. The viable
count (CFU per milliliter) of microorganisms during
bioremediation confirms the growth and proliferation
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of microorganisms. The viable counts (in CFU per
milliliter×1011) of microorganisms were increased from
0.913 to 2.93, 0.11 to 2.10, and 0.45 to 3.89, respectively
(Fig. 4) in 25, 50, 100 mg/l of heavy metals (Fe, Cu,
and Cd).

Dissolved oxygen was found to decrease as growth
of microorganism increased (Fig. 5). The increase in
BOD indicates growth of microorganisms at various
heavy metal concentrations (Fig. 6). Transition metal
ions in general are toxic to the extent that they lead to
immobilization of microbes through complex forma-
tion with the enzymes and amino acids found in the
microbial cells. Alternatively, the microbes may also
not be able to survive in the presence of metal ions
together due to impaired metabolic activities (Mittal
and Goel 2010). It was observed that after biostimu-
lation, microorganisms became more adapted to heavy
metal toxicity. Therefore, increase in growth of micro-
organisms results in increase BOD values. The reduc-
tion in COD values indicates low concentration of
organic compounds. The sample after treatment for
21 days can be discharged in various water bodies;
this is due to the efficiency of the treatment used for
remediation (Fig. 7).

The results obtained from bioremediation of heavy
metals in bioreactor are presented in Fig. 8. Data show
effective reduction in heavy metal ion concentrations.
Biodegradation started within 48 h, i.e., lag phase was
observed whereby the microorganisms adapted/accli-
matized to the respective metal concentration and con-
tinued up to 14 days. After 21 days, all metals were
found completely remediated. The percentage degra-
dation of heavy metals at varying concentrations (25
to 100 mg/l) ranged from 16.6% to 100%, whereas at
the end of the experiment, lower concentrations (25,
50 mg/l) were totally degraded and percentage

degradations at higher concentration, i.e., 100 mg/
l were found to be 98.5%, 99.6%, and 100% for Cd,
Cu, and Fe, respectively. Being a nutrient, iron was
completely utilized in comparison to copper and cad-
mium. After 14 days, biostimulated microbial culture
could degrade most toxic heavy metal cadmium. Thus,
our research findings show that biostimulation has
enhanced microbial activity for effective degradation
of heavy metals.

Conclusion

The small-scale industries located in Bhayander (east),
Mumbai carried out various operations wherein heavy
metal wastes generated was disposed of at a dumping
ground near the industrial belt. The physicochemical
and microbial characterization has been studied at
different sites in the dumping ground. The heavy
metals like Cd, Cu, Zn, Pb, and Fe were present in
the dumping ground. The microbial consortium isolat-
ed was biostimulated by aeration and mechanical stir-
ring and used for bioreator purpose under controlled
environment. Heavy metals such as Cd, Cu, and Fe
were spiked at different concentrations for biostimula-
tion and bioremediated using microbial consortium
from the heavy metal dumping ground. The adapted
microbial consortium used as a culture was found to
be effective for remediation of heavy metal by way of
precipitation, adsorption, and chemical transformation
during the process of bioremediation. The biostimu-
lated process used for activation of microbial consor-
tium has been found effective for remediation of heavy
metals from the contaminted sites.

The laboratory bioreactor developed for remedia-
tion of heavy metals using biostimulated microbial
consortium under controlled environmental conditons
was found to be effective and efficient to decontami-
nate heavy metals from waste disposal site. The micro-
organisms adapted at solid waste disposal site have
been used as a source for bioaccumualtion/bioadsorp-
tion/bioabsorption of heavy metals. The designed and
developed laboratory bioreactor can be modified in
length and size as per the requirement in the field
wherein the biostimulated microbial culture would be
added for enhancement of remediation of heavy metals.
This would have direct application in the present study
for bioremediation of heavy metals to clean up the
environment.
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