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Abstract

The present investigation was carried out to study the removal of heavy metal by Pseudomonas sp.
Isolated from garden soil samples by employing plating techniques.  The isolated bacterial members
were identified by Gram’s staining, motility, IMViC and sugar fermentation methods. The isolated
bacterial members were used as inoculants for heavy metal removal treatments. Biosorption of three
heavy metals namely Zinc, copper and Nickel  were conducted using individual  cultures of
Pseudomonas sp. The Zinc biosorption studies using individual cultures of Pseudomonas sp. resulted
99.3% of sorption at pH 5, temperature 32oC and biomass concentration of 0.5 mg/ml in 50 minutes
period of contact time.

Introduction

Metals are extensively used in several industries, including
mining, metallurgical, electronic, electroplating and metal
finishing. The presence of metal ions in final industrial
effluents is extremely undesirable, as they are toxic to both
lower and higher organisms. Under certain environmental
conditions, metals may accumulate to toxic levels and cause
ecological damage (Jefferies and Firestone, 1984). Of the
important metals, Mercury, lead, cadmium, Arsenic and
Chromium (VI) are regarded as toxic; whereas, others, such as
copper, nickel, cobalt and zinc are not as toxic, but their
extensive usage and increasing levels in the environment are
of serious concerns (Brown and Absanullah, 1971; Moore,
1990; Volesky, 1990). Various techniques have been
employed for the treatment of metal bearing industrial
effluents, which usually include precipitation, adsorption, ion
exchange, membrane and electrochemical technologies but
these techniques are expensive, not environment friendly and
usually dependent on the concentration of the waste which are
ineffective in very diluted solutions. Therefore, the search for
efficient, eco-friendly and cost effective remedies for
wastewater treatment has been initiated. It was only in the
1990s that a new scientific area developed that could help to
recover heavy metals and it was bioremediation.

Heavy metals are defined as metals with a specific weight
usually more than 5.0 G/cm3, which is five times higher than
water. The toxicity of heavy metals occurs even in low

concentrations of about 1.0-10 mg/L. Of the 90 naturally
occurring elements, 21 are non-metals, 16 are light-metals and
the remaining 53 (with as included) are heavy metals. Certain
metals have been known to be toxic for centuries. For
example, Theophrastus of Erebus (370-287 B.C.) and Pliny
the Elder (23-79) both described poisonings that resulted from
Arsenic and Mercury. Other heavy-metals, such as cadmium
were not recognized as poisonous until the early nineteenth
century (Young, 2000).

Non living cells of microorganisms has been found to be
highly promoting as these can be regenerated and reused for a
number of times . Biomasses of bacteria such as Pseudomonas
aeruginosa PU21 . Bacillus cereus. Enterobacter spJI,
Pseudomonas putida. Geobacillus thermodenitrificans have
been found to show high absorption capacities of lead. The
cell walls of the gram-negative bacterial species have high
content of potentially active chemisorption sites such as
peptidoglycan, lipopolysaccharide and protein. Limited
information is available on the lead removal by the two gram-
negative bacterial species viz., Pseudomonas oleovorans (P.
oleovorans) and Brevundimonas vesicularis (B. vesicularis).
Only in case of the latter species such study has been
undertaken and that too without pretreatment and under
different conditions. It has been found by some studies that the
pretreatment of microbial biomasses by some chemicals such
as NaOH, Na2CO3, HCl enhance the efficiency of
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biosorption. Therefore, it was thought to study the biosorption
of Pb (II) ions by two bacterial species, P. oleovorans and B.
vesicularis after their pretreatment with 0.1N NaOH, then, to
use the determined optimum conditions for the removal of Pb
(II) ions from wastewater samples and to propose the
mechanism of its biosorption on the basis of 1HNMR studies.

Pseudomonas have very simple nutritional requirement and
grow chemo organotrophically at neutral pH (Madigan et al.,
2009) as also established in this work.  They are Gram
negative, no gas formed when glucose is fermented and
oxidase positive (which help in distinguishing them from
enteric bacteria) and finally they are motile with a help of a
flagella; single or multiple (Madigan et al., 2009). These
characteristics agree with the biochemical tests that help
distinguish the isolates from each other . The bacteria isolated
and identified in this work are Chryseobacterium indologenes,
Klebsiella oxytoca, Pasteuralla pneumotropica, Enterobacter
cloacae, Proteus mirabilis, Klebsiella ornothinolytica,
Pseudomonas aeruginosa, Chryseobacterium
meningosepticum, Chryseomonal luteola, Photobacterium
clamsela, Enterobacter sakazakii, Acinotobacter baumannii,
Serratia liquefaciens, and Citrobacter koseri. It is clear that
the isolates found in this study are metal resistant. Previous
research has indicated that heavy metal resistance of P.
aeruginosa can be used to exploit for cleaning up industrial
wastewater and bioremediation of heavy metal contaminated
soil (Raja and Selvam, 2009).

Materials and Methods

Soil Sample Collection

The soil samples were collected from three different sampling
stations.    They  are 1. Garden soil 2. Agriculture soil and 3.
Garden soil (Pudhupet)

Isolation of bacteria from soil samples by Serial dilution
methods

Bacteriological methods

All the soil samples collected in sterile polythene bags and
used for isolation of bacteria .

Isolation method of bacteria

Serial dilution

The samples were diluted with different dilution such as 10-1,
10-2, 10-3,10-4,10-5, 10-6, 10-7

Spread plate technique

0.1 ml of samples were spread on Citrimide  agar medium
and Nutrient agar and incubated at 37oC for 18 to 24 hours

Colonies

Green color colonies were appeared on Nutrient agar and
Citrimide medium. The isolated cultures were then purified by
repeated streaking in Nutrient agar and maintained in Nutrient
agar slants. The pure cultures were presumptively identified as
Pseudomonas sp. using Grams staining.

Microbial strains

In the present study four microbial species were used:
Pseudomonas spp., .The microbes were isolated from the soil
and sludge by serial dilution and pour plating method. Strains
were maintained in agar plate containing nutrient broth. They
were characterized morphologically and on the basis of
biochemical reactions .They were transferred weekly to new
medium in order to keep metabolic activity and checked for
purity by microscopic examination.

Identification of Pseudomonas species

Presumptive Pseudomonas sp. colonies were then subjected to
Gram ‘s staining and a series of biochemical tests such as
urease test, indole production, methyl red test, Voges
Proskauer test, and cultures which matched typical reaction of
standard Pseudomonas sp were confirmed as Pseudomonas
species.

Waste water used

Totally three waste water samples were collected from 3
different areas like Rane NSK, Apollo tyres and  Renolds
Nisan company.

Removal of heavy metal by Biosorbent method.

Biosorbent preparation

1000 ml of Nutrient medium was prepared with standard
composition in a conical flask. The pH  for the medium was
adjusted accordingly and then the media was sterilized at 15
lb/in2 pressure and 121º C for 30 minutes. Nutrient agar
medium Himedia was prepared, autoclaved and allowed to
cool. Loop full of bacterial culture was taken and streaked on
the agar plate to obtain more colonies. They are later
transferred to nutrient broth and grown on specific media
(Cetrimide medium-Pseudomonas sp.) for subculture. 100 ml
of sterilized culture media was transferred to 250 ml
Erlenmeyer flask.

The media was allowed to cool and then the 100Yl microbial
solution was inoculated into the medium in laminar air flow
chamber. The inoculated flasks were incubated in an orbital
shaker (Metrex scientific instruments, India) at 250 rpm at 32
0C for 2 days to obtain the biomass. Mixed cultures were
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prepared by adding equal amounts of individual cultures.
Biomass was harvested from the medium by centrifugation at
9000 rpm for 10 min. The supernatant was discarded and the
cells were re-suspended in purified water for washing and
again centrifuged as above to make sure that no media remain
on the cell surface . This biomass was used for the sorption
experiments. Both the biomasses were added in equal amounts
for sorption experiments with mixed culture.

Biosorption experiment

Different concentrations of biomass (single cultures) were
combined with 100 ml of metal solution in 250 ml Erlenmeyer
flask. The flasks were placed on a shaker with a constant
speed of 150 rpm and left to equilibrate. Samples were
collected at predefined time intervals, centrifuged as above
and the amount of metal in the supernatant was determined.

Effect of various parameters on heavy metal removal

Biosorption studies were done using biomass as a function of
various parameters such as

a) pH
b) Biomass concentration
c) Temperature
d) Time
e) Initial metal concentration

Effect of pH

The metal sorption monitored for pH range 7.06 NaOH and
HCL were used as pH regulators. 1 mg/ml biomass was
dispersed in 100 ml of the solution containing 10mg/L of each
metal concentration. All flasks were maintained at different
pH values 7.06 for  about 12 hours. Solutions were
centrifuged as above and the  supematant was analysed for the
residual concentrations of the metal ions. The final pH values
have been plotted.

Effect of biomass concentration

Biomass was centrifuged at 9000 rpm and different weights of
the biomass range  is 0.5.mg/ml were dispersed in solutions
containing the 10 mg/L metal concentration. The solutions
were adjusted to the optimum pH in which maximum
biosorption of the metal ion occurred. Flasks were left for
equilibration. The solutions were later centrifuged at 9000
rpm and the metal ion concentrations were determined using
the procedures described earlier.

Effect of temperature

Optimum biomass concentration with optimum pH was used
to monitor the temperature effect on biosorption. Experiments
were carried out at different temperatures is 31.2oC for each

culture and kept on rotary shaker at 240 rpm. The samples
were allowed to attain equilibrium. The sample collected at
regular intervals as above and analyzed for metal
concentration.

Effect of time

The cell pellet dispersed in metal solution of 10 mg/L
concentration with a working volume of 100 ml. the
experiment was carried out at the optimum pH system. Flasks
were allowed to attain equilibrium on rotary shaker at 240 rpm
and samples were collected at regular time intervals.
Centrifugation at 9000 rpm was done and the supernatant was
analysed for the residual metal content.

Effect of initial metal concentration

Biosorption experiments were conducted by taking different
initial metal concentrations by fixing all the parameters such
as biomass concentration, pH, temperature and time. Metal
solutions were prepared as stated in section 3.21. With
increase in metal concentration (5  mg/L) percentage
biosorption was observed.

Results and Discussion

The present study was initiated to assess the removal of heavy
metals in industrial effluents by Pseudomonas sp. Isolated
from soil samples by plating technique.

Biochemical tests for identification of Pseudomonas sp.

The isolates from the soil samples showed positive results for
indole test, citrate test, catalse test, oxidase test, sugar
fermentation tests and TSI tests .It showed negative results to
MR -VP test and Nitrate test and coagulase test .It suggests
that the isolates are Pseudomonas sp.

The results in Triple sugar iron test is  the colour change to
yellow and yellow in both slant butt region .Sugar
fermentation test showed the  result from Acid production
without gas production .From the positive result of oxidase
and catalase test ,it is clearly found that the 3 isolates are
Pseudomonas. (Table.1).

Bio- sorbent methods – Pseudomans sp. 1

Rane NSK Waste water treated with Pseudomonas sp.1

The initial value of Zinc, copper and Nickel were (1.5039,
0.014, 0.010), it was reduced under treatment with bacterial
culture (0.4495, 0.008, 0.005) at concentrations of 300 mg
than 150 mg of culture pellet samples (Table.2).
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Apollo tyres- Waste water treated with Pseudomonas sp.1

The initial value of Zinc, copper and Nickel were (0.1216,
0.014, 0.010), it was reduced under treatment with bacterial
culture (0.552, 0.010, 0.010) at concentrations of 300 mg than
150 mg of culture pellet samples (Table.2).

Renold Nisan- Waste water treated with Pseudomonas sp.1

The initial value of Zinc, copper and Nickel were (0.1769,
0.086, 0.010), it was reduced under treatment with bacterial
culture (0.0641, 0.068, 0.005) at concentrations of 300 mg
than 150 mg of culture pellet samples (Table.2).

Bio- sorbent methods – Pseudomans sp. 2

Rane NSK Waste water treated with Pseudomonas sp.2

The initial value of Zinc, copper and Nickel were (1.5039,
0.014, 0.010), it was reduced under treatment with bacterial
culture (0.9034, 0.003, 0.007) at concentrations of 300 mg
than 150 mg of culture pellet samples (Table.3).

Apollo tyres- Waste water treated with Pseudomonas sp.2

The initial value of Zinc, copper and Nickel were (1.5039,
0.014, 0.010), it was reduced under treatment with bacterial
culture (0.0293, 0.008, 0.010) at concentrations of 300 mg
than 150 mg of culture pellet samples (Table.3).

Renold Nisan- Waste water treated with Pseudomonas sp.2

The initial value of Zinc, copper and Nickel were (1.5039,
0.014, 0.010), it was reduced under treatment with bacterial
culture (0.0178, 0.006, 0.007 at concentrations of 300 mg than
150 mg of culture pellet samples (Table.3).

Bio- sorbent methods – Pseudomans sp. 3

Rane NSK Waste water treated with Pseudomonas sp.3

The initial value of Zinc, copper and Nickel were (1.5039,
0.014, 0.010), it was reduced under treatment with bacterial
culture (0.4071, 0.004, 0.004) at concentrations of 300 mg
than 150 mg of culture pellet samples (Table.4).

Apollo tyres- Waste water treated with Pseudomonas sp.3

The initial value of Zinc, copper and Nickel were (1.5039,
0.014, 0.010), it was reduced under treatment with bacterial
culture (0.0234, 0.008, 0.010) at concentrations of 300 mg
than 150 mg of culture pellet samples (Table.4).

Renold Nisan- Waste water treated with Pseudomonas
sp.3

The initial value of Zinc, copper and Nickel were (1.5039,
0.014, 0.010), it was reduced under treatment with bacterial

culture (0.0474, 0.0012, 0.004) at concentrations of 300 mg
than 150 mg of culture pellet samples (Table.4).

Cell walls of bacteria are principally composed of
peptidoglycans which consist of linear chains of the
disaccharide N-acetylglucosamine-β 1,4-Nacetylmuramic acid
withpeptide chains. Cell walls of gram negative bacteria are
somewhat thinner than the gram positive ones and are also not
heavily cross-linked. They have an outer membrane which is
composed of an outer layer of lipopolysaccharide (LPS),
phospholipids and proteins  (Remacle 1990). Biosorption
mainly involves a) cell surface complexation, b) ionexchange
or affinity and c) micro precipitation. Different microbes have
been found to vary in their affinity for different heavy metal(s)
and hence differ in their metal binding capacities. Some
biomass (es) exhibit preference for certain heavy metal(s)
whereas others do not show any specific binding and are broad
range (Gupta, et al., 2000).

Among the mechanisms ion affinity dominated due to higher
charge density of Chromium (VI). When it comes to Zinc the
affinity was towards gram negative Pseudomonas aeruginosa.
Here the major role is played by cell surface complexation
mechanism than ion exchange or affinity. This may be due to
the lower charge density of Mercury when compared to
Chromium. Gram positve bacteria normally show low levels
of surface complexation due to heavily cross linked
peptidoglycan layer (Gupta, et al., 2000). Where as in gram
negaitve bacteria most of their lipopolysaccharide (LPS),
phospholipids and proteins are exposed on the cell surface and
involves in cell surface complexation.

The lower percentage in sorption is due to negative charge
(Čerňansky et al., 2007). It is showing its affinity towards
gram negative Pseudomonas because the surface of was
containing higher levels of carboxylic groups which repel this
anion.

Effect of various parameters on heavy metal removal

Biosorption studies using attenuated cells of Pseudomonas sp.
In the investigation carried out so far, the attenuated cells of
Pseudomonas sp. were used for the biosorption of Zinc. The
parameters influencing the biosorption of Mercury using this
single culture of Pseudomonas sp. are studied. Futher more the
effects of these parameters are discussed below:

Effect of pH

The most important single parameter influencing the sorption
capacity is the pH of the adsorption medium. (Goyal et al.,
2003).  The sorption increasedto 98% at 5 and significantly
decreased with increase of pH (Table.5). From this study we
can conclude that at pH 5 for Pseudomonas sp. maximum
percent of biosorption occured. The fluctuation beyond this
optimum pH 5 was due to decrease of low availability of
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Table: 1 Biochemical test for identification of Pseudomonas sp.

S.No Staining /Bio-
chemical tests

Pseudomonas sp.1 Pseudomonas sp.2 Pseudomonas sp.3

1 Gram staining G (-) G(-) G(-)

2 Motility - - -
3 Indole test + + +
4 Methyl red test - - -

5 VP test - - -
6 Citrate test + + +

7 TSI test + + +
8 Oxidase test + + +

9 Catalase test + + +

10 Sugar fermentation
tests

+ + +

11 Nitrate test - - -

Table:2. Heavy metal removal by Pseudomonas sp. 1 in all the three collected effluent samples

Rane NSK effluent sample

S.No Name of the metals Initial value 150 mg of Culture
pellet

300 mg of culture
pellet

1 Zn 1.5039 0.5544 0.4495
2 Cu 0.014 0.010 0.008
3 Ni 0.010 0.006 0.005

Apollo tyres effluent samples

S.No Name of the metals Initial value 150 mg of Culture
pellet

300 mg of culture
pellet

1 Zn 0.1216 0.262 0.552
2 Cu 0.014 0.012 0.010
3 Ni 0.010 BDL BDL

Renold Nisan effluent samples

S.No Name of the metals Initial value 150 mg of Culture
pellet

300 mg of culture
pellet

1 Zn 0.1769 0.0652 0.0641
2 Cu 0.186 0.126 0.089
3 Ni 0.224 0.187 0.089

Table:3. Heavy metal removal by Pseudomonas sp.2 in all the three collected effluent samples

Rane NSK effluent sample

S.No Name of the metals Initial value 150 mg of Culture
pellet

300 mg of culture
pellet

1 Zn 1.5039 0.8324 0.9034
2 Cu 0.014 0.008 0.003
3 Ni 0.010 0.008 0.007
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Apollo tyres effluent samples

S.No Name of the metals Initial value 150 mg of Culture
pellet

300 mg of culture
pellet

1 Zn 0.1216 0.0349 0.0293
2 Cu 0.014 0.010 0.008
3 Ni 0.010 BDL BDL

Renold Nisan effluent samples

S.No Name of the metals Initial value 150 mg of Culture
pellet

300 mg of culture
pellet

1 Zn 0.1769 0.0676 0.0178
2 Cu 0.186 0.096 0.089
3 Ni 0.224 0.184 0.134

Table: 4. Heavy metal removal by Pseudomonas sp. 3 in all the three collected effluent samples

Rane NSK effluent sample

S.No Name of the metals Initial value 150 mg of Culture
pellet

300 mg of culture
pellet

1 Zn 1.5039 0.4097 0.4271
2 Cu 0.014
3 Ni 0.010 0.069 0.114

Apollo tyres effluent samples

S.No Name of the metals Initial value 150 mg of Culture
pellet

300 mg of culture
pellet

1 Zn 0.1216 0.0339 0.0234
2 Cu 0.014
3 Ni 0.010 BDL BDL

Renold Nisan effluent samples

S.No Name of the metals Initial value 150 mg of Culture
pellet

300 mg of culture
pellet

1 Zn 0.1769 0.2347 0.2474
2 Cu 0.186 0.2 0.18
3 Ni 0.224 0.178 0.155

Table.5.Effect of pH on heavy metal removal by Pseudomonas sp.

Water Sample 1 Water Sample 2 Water sample3

Initial
Value

150mg 300mg Initial Value 150mg 300mg Initial Value 150mg 300mg

Culture
Sample 1

1.5039 1.232 0.856 0.1216 0.1098 0.834 0.1769 0.998 0.875

Culture
Sample 2

1.5039 0.956 0.657 0.1216 0.0987 0.9234 0.1769 0.1345 0.1209

Culture
Sample 3

1.5039 0.9082 0.7768 0.1216 0.1056 0.8965 0.1769 0.1345 0.1098
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Table .6. Effect of Temperature on heavy metal removal by Pseudomonas sp.

Table.7 .Effect of biomass concentrations on heavy metal removal by Pseudomonas sp.

Table .8. Effect of Time on heavy metal removal by Pseudomonas sp.
[

Table .9 . Effect of initial metal concentrations on heavy metal removal by Pseudomonas sp.

Water Sample 1 Water Sample 2 Water sample 3
Initial
Value

150mg 300mg Initial Value 150mg 300mg Initial Value 150mg 300mg

Culture
Sample
1

1.5039 1.209 1.002 0.1216 0.1096 0.1011 0.1769 0.1021 0.9045

Culture
Sample 2

1.5039 1.1956 0.992 0.1216 0.0923 0.875 0.1769 0.1024 0.934

Culture
Sample 3

1.5039 0.9987 0.845 0.1216 0.1043 0.923 0.1769 0.990 0.456

Water Sample 1 Water Sample 2 Water sample 3
Initial
Value

150mg 300mg Initial Value 150mg 300mg Initial Value 150mg 300mg

Culture
Sample 1

1.5039 1.109 0.908 0.1216 0.1023 0.985 0.1769 0.1067 0.9034

Culture
Sample 2

1.5039 1.1045 0.834 0.1216 0.1092 0.875 0.1769 0.1024 0.1011

Culture
Sample 3

1.5039 0.934 0.568 0.1216 0.9012 0.576 0.1769 0.908 0.903

Water Sample 1 Water Sample 2 Water sample 3
Initial
Value

150mg 300mg Initial Value 150mg 300mg Initial Value 150mg 300mg

Culture
Sample    1

1.5039 1.302 0.9012 0.1216 0.1023 0.9021 0.1769 0.1236 0.1021

Culture
Sample 2

1.5039 1.0923 0.892 0.1216 0.1011 0.1021 0.1769 0.1045 0.0940

Culture
Sample 3

1.5039 1.0234 0.9023 0.1216 0.1021 0.1019 0.1769 0.1024 0.0912

Water Sample 1 Water Sample 2 Water sample 3

Initial
Value

150mg 300mg Initial Value 150mg 300mg Initial Value 150mg 300mg

Culture
Sample    1

1.5039 1.2098 0.809 0.1216 0.1123 0.1012 0.1769 0.1056 0.1012

Culture
Sample 2

1.5039 1.0987 1.0456 0.1216 0.1043 0.1011 0.1769 0.1089 0.0934

Culture
Sample 3

1.5039 1.102 1.034 0.1216 0.1011 0.998 0.1769 0.1087 0.0897
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surface for sorption at low pH and formation of metal
hydroxide and other metal-ligand complexes significantly
reduce the amount of metal ions sorbed at high pH
(Vijayaraghavan and Yun,  2008).

Effect of biomass concentration

To achieve the maximum biosorption capacity of the
biosorbent for Zinc, the biomass concentration was 0.5
mg/ml and it was found that a concentration of 0.5 mg/ml
was adequate for maximum percentage of Zinc (Table.7).
This may be due to the unavailability of binding sites to the
metal and also due to the blockage of binding sites with
excess biomass. In this study it was observed that at 0.5
mg/ml concentration showed highest sorption percentages
(Vijayaraghavan and Yun, 2008).

Effect of temperature

In the studies of biosorption using attenuated cells of
Pseudomonas sp. it was observed that the temperature
range 32º C was found to be favorable than that of the lower
or higher temperatures. Maximum sorption of around 98%
was seen at 32ºC. In these experiments there was an
increase in sorption percentage with increase in the
temperature till 32ºC (Table.6). A gradual decrease in
sorption percentage was observed after that. This is because
of the shrinkage of cells at higher and lower temperatures
which reduces the surface area of contact (Vijayaraghavan
and Yun, 2008). From this we can conclude that the
temperature 34ºC was favorable for biosorption of Mercury
using Pseudomonas sp.

Effect of contact time

The adsorption experiments of Zinc were carried out for
different contact times with a fixed  adsorbent dose of 0.5
mg/ml concentration at pH 5 at 32ºC. The results showed
that indicate the maximum sorption attained at 60 min for
Zinc (Table.8).

Effect of initial metal concentrations

The adsorption experiments of Zinc were carried out for
different contact times with a fixed  adsorbent dose of 5
mg/ml concentration at pH 5 at 32ºC. The results showed
that indicate the maximum sorption attained at 5mg/ml for
Zinc (Table.9).
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