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ABSTRACT
The toxicity of metal ion is owing to their ability to bind with protein molecules and prevent
replication of DNA and thus subsequent cell division. To avoid health hazards it is essential to
remove these toxic heavy metals from waste water before its disposal. Main sources of heavy
metal contamination include urban industrial aerosols, solid wastes from animals, mining
activities, industrial and agricultural chemicals.
The minimal inhibitory concentration of lead was for Bacillus subtilis and Pseudomonas
desmolyticum, these two bacteria were grown in the lead acetate medium in order to study the
decrease in the concentration of lead in the growth media and also biosorption experiment was
carried out.
Both the species of bacteria were able to grow at quit a high concentration. But Gram negative
bacteria Pseudomonas desmolyticum had greater ability as compared to Gram positive bacteria
Bacillus subtilis.
Also the percentage removal of heavy metal in the case of cells immobilized in macroporous
agarose gel was found to be more as compared to cells immobilized in alginate beads. This was
due to the large surface area and more exposure of cells to the solution in the case of macroporous
gel.

Keywords: Bacillus subtilis, Pseudomonas desmolyticum, Heavy metals, urban industrial
aerosols, solid wastes from animals, mining activities, industrial and agricultural chemicals.

Introduction

heavy metals [1]. Heavy metals of

Water bodies are being overwhelmed with

concern

include

bacteria and waste matter. Among toxic

mercury,

uranium,

substances reaching hazardous levels are

arsenic, cadmium, silver, gold, and

lead,

chromium,

selenium,

zinc,
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nickel [2]. Heavy metal pollution in the

phytoremediation, etc. However, all

aquatic system has become a serious threat

these methods have disadvantages like

today and of great environmental concern

incomplete metal removal, high reagent

as they’re non-biodegradable and thus

and energy requirements generation of

persistent. Metals are mobilized and

toxic sludge or other waste products that

carried into food web as a result of

require

leaching from waste dumps, polluted soils

increasing environmental awareness and

and

in

legal constraints being imposed on

concentration at every level of food chain

discharge of effluents, a need for cost–

and are passed onto the next higher level–a

effective alternative technologies are

phenomenon called bio-magnification [3].

essential. In this endeavor, microbial

The toxicity of metal ion is owing to their

biomass has emerged as adoption for

ability to bind with protein molecules and

developing economic and eco-friendly

prevent replication of DNA and thus

waste

subsequent cell division. To avoid health

Biosorption can be defined as “a non-

hazards it is essential to remove these

directed physicochemical interaction that

toxic heavy metals from waste water

may occur between metal/radionuclide

before its disposal. Main sources of heavy

species and microbial cells” [4].

metal

It

water.

The

metals

contamination

increase

include

urban

careful

water

is

a

disposal

[2].

treatment

biological

With

process.

method

of

industrial aerosols, solid wastes from

environmental control and can be an

animals, mining activities, industrial and

alternative to conventional contaminated

agricultural chemicals. Heavy metals also

water treatment facilities. It also offers

enter the water supply from industrial and

several advantages over conventional

consumer water or even from acid rain

treatment

which breaks down soils and rocks,

effectiveness, efficiency, minimization

releasing heavy metals into streams, lakes

of

and ground water. Techniques presently in

requirement of additional nutrients, and

existence for removal of heavy metals

regeneration

from contaminated waters include: reverse

possibility of metal recovery.

osmosis, electro dialysis, ultra filtration,

The adsorbed ions are transported across

ion-exchange,

the membrane in the same mechanism

chemical

precipitation,

methods

including

chemical/biological

of

biosorbent

cost

sludge,

with
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by which metabolically importations such

hardwood sawdust, pea pod, cotton and

as potassium, magnesium, and sodium are

mustard seed cakes, [12] are also proven

conveyed. These mechanisms comprise (i)

as good biomass sources. However, sea

physical

weeds, molds, yeasts, bacteria have been

adsorption

e.g.,

electrostatic

interaction has been demonstrated to be

tested

responsible for copper biosorption by

encouraging results [1].

bacterium Zooglea ramigera and alga

When microorganisms are imported to a

Chorella vulgaris [5], (ii) ion exchange

contaminated

e.g., biosorption of copper by fungi

degradation we have a process known as

Ganoderma lucidium and Asperigillus

bioaugmentation [13]. Bioremediation

niger

techniques

[6],

(iii)complexation

e.g.,

for

metal

biosorption

site

to

are

with

enhance

typically

more

biosorption of copper by C. vulgarisand Z.

economical than thermal and physico-

ramigera

chemical

takes

place

through

both

remediation

such

as

adsorption and formation of co-ordinate

incineration [14,15].

bonds between metals and amino or

Bioremediation processes have been

carboxyl groups of cell walls [5]. The

classified in three broad categories,

process starts with selecting various types

according to place and soil handling/

of

and

conditioning: in situ, ad situ, and ex situ.

immobilization are done to increase the

The second and third class of processes

efficiency of the metal uptake. The

are useful for the remediation of [16]

adsorbed metal is removed by desorption

sludges, soils or sediments polluted with

process and the biosorbent can be reused

high

for further treatments.

contaminants

Apart from the microbial sources even

polynuclear aromatic hydrocarbons [18-

agricultural products such as wool, rice,

21], diesel [22, 23], explosives [24],

straw,

pesticides

biomass.

coconut

Pretreatment

husks,

peat

moss,

concentration

of

[17],

and

recalcitrant

for

chlorinated

instance

organic

exhausted coffee [7], waste tea [8], walnut

pollutants [25,26], oily sludges from the

skin, coconut fibre, cork biomass [9],

petrochemical industry [27]; (2) clayish

seeds of Ocimum basilicum [10], defatted

and stratified soils with low hydraulic

rice bran, rice hulls, soybean hulls and

conductivity

cotton seed hulls [11], wheat bran,

accompanied with high contents of

and

low

permeability
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organic matter [25,28]; and (3) soils in

of the waste was found to be .15N by

regions and areas where environmental

titrating it with 1N HCl. In order to

conditions

biological

obtain the neutralized waste 15 ml of

processes, for instance, low temperature

HCl was added to 85 ml of waste. The

that negatively affects biodegradation rates

neutralized waste was then used for

[29], and (4) contaminated sites that

further experiment.

require a short remediationtime because of

Collection of Textile Waste:

regulatory or other pressures [30-32].

The waste was collected by following

are adverse to

standard set of procedures. All measures
MATERIALS AND METHODS
In the present study two microbial species
were used. One of these; Bacillus subtilis
2713 is Gram positive and another one
Pseudomonas desmolyticum 2112 is Gram
negative. All these strains were obtained
from the National Collection Of Industrial
Microorganisms (NCIM), NCL , Pune.
The cells were preserved on nutrient agar
at 4°C.

Preparation of solution:

were

taken

to

prevent

unwanted

contamination of the sample. Before
collecting the waste hand gloves were
worn. Then in a sterile plastic drum, the
waste water was collected from the
mouth of the effluent stream pipe. The
drum was sealed by parafilm and it was
stored at 4°C till further use.

Analysis of Waste for cations:
The preliminary analysis of the waste
was done for color, pH, normality, and

Lead acetate:

presence

The solution of lead acetate solution was

qualitative analysis, and COD.

prepared in distilled water. A solution of

In order to determine the cations present

1000 ppm lead acetate was prepared. For

in the waste, qualitative estimation of the

this 1 gram of lead acetate was dissolved

waste for the metals was done. The

in 1 liter of distilled water.

standard procedure for the qualitative

Neutralized waste:

determination of the cations is given

As stated earlier, the pH of the textile

below in the following table (Practical

waste was noted to be 14. The normality

Chemistry

of

various

by

Dr.

cations

by

N.K.Verma):
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Table 1: Standard method for the group wise analysis of cations.

To the solution of the mixture add HCl
White

Filtrate. Pass H2S gas through the filtrate.

ppt.

ppt.

Filtrate. Boil off H2S. Add 3-4 drops of conc. HNO3. Boil, and add solid ammonium

(Group

(Group 2)

chloride. Boil again, cool and add ammonium hydroxide until the solution becomes

1)
Pb2+

basic.
Black:Pb

2+

Cu2+ ,Hg2+
Yellow:
2+

Cd , As

ppt.
2+

Filtrate. Add more of solid NH4Cl and NH4OH.Pass H2S.

(Group 3)

Reddish Brown:

ppt.

Filtrate. Boil off H2S.Add NH4Cl, NH4OH and

Fe3+.

(Group 4)

(NH4)2CO3 solution. Warm and allow to stand.

White:

Black:

White ppt.

Filtrate.

3+

2+

(Group 5).

Add NH4Cl,

Al

2+

Ni , Co

NH4OH
Flesh colored:
Mn

2+

2+

Ba ,Sr

and

ammonium

2+

hydrogen phosphate.

2+

White ppt.

And Ca

Mg2+
Dirty White:
Zn2+

As mentioned in the table above, the
analysis was performed. First of all, in
small quantity of waste, dilute HCl was
added and it was analyzed for ppt. No
ppt was observed. Then H2S gas was
passed through the above solution. The
procedure for the generation of H2S gas
is mentioned in the appendix. The
apparatus for the production of H2S is
shown in the photograph below

Fig 1: Set up for H2S gas production.
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This time also no ppt was observed.

the preliminary test was dissolved in the

Hence it can be concluded that Group 2

dilute HCl solution. On addition of

was absent. The solution was boiled in

dilute NaOH solution the ppt returned

order to remove the H2S gas and a pinch

which confirmed the presence of Zn2+

of solid ammonium chloride was added.

ions in the waste.

The solution was boiled, cooled and

From the remaining solution H2S gas

excess of ammonium hydroxide solution

was boiled off and the solution was

was added. No ppt was observed and it

cooled. To it NH4OH was added. No ppt.

was concluded that Group 3 was also

was observed. It indicated the absence of

absent. Through a part of the above

Group 5. The above solution was

solution H2S gas was passed. A dull

concentrated and NH4OH solution and

white ppt. was observed. It indicated the

ammonium

presence of a Group 4 cation , zinc.

added. No ppt. was observed which

Confirmatory test for the determination

indicated the absence of Group 6

of the presence of the zinc was

cations.

phosphate

solution

was

performed. The ppt. that was formed in
Experiment

Observation

Inference

1) To the original solution add dilute HCl.

No ppt.

Group

2) Through a part of the solution, pass H2S gas.
3) To the remaining solution added a pinch of solid ammonium chloride.

1

absent.
No ppt.

Group 2 absent

Boiled the solution, cooled it and add excess of ammonium hydroxide
solution.
4) Through a part of the above solution passed H2S gas.

Group 3 absent
No ppt.

Passed H2S gas through the remaining solution also and filtrate kept for
the subsequent groups and confirmed the presence of Zn2+ with the ppt.

Zn2+ may be
present.

Dull white ppt.

Confirmation of Zn2+.
Dissolved the white ppt.

No ppt.

in dilute HCl. Boiled off H2S gas and add NaOH solution.
5) Boiled off H2S gas from the filtrate from test 3. Cooled and added
NH4OH solution.

Zn2+
confirmed.

No ppt.

Group

5

absent.

6) Concentrated the above solution and added NH4OH solution and

Group

ammonium phosphate solution . Scratched the sides of the test-tube with

absent.

6

glass rod
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Table no 2 Step wise procedure for the detection of cation in waste sample.

The overall step wise procedure is given
in the form of table.
We have determined the minimal
inhibitory concentration of lead was for
Bacillus

subtilis

and

Pseudomonas

desmolyticum, these two bacteria were
grown in the lead acetate medium in
order to study the decrease in the
concentration of lead in the growth
media, also these two bacteria were

Fig 2: Alginate beads immobilized with

grown in the neutralized waste medium

Bacillus subtilis

in order to study the decrease in the
concentration of lead in the growth
media.

Bacillus

subtilis

and

Pseudomonas desmolyticum was grown
in 1 liter of nutrient broth. After this the
Bacillus

subtilis

Pseudomonas

biomass

desmolyticum

and
biomass

was taken in separate Petri plates and
was dried overnight at 45oC.The dried
biomass was powdered with the help of
mortar and pestle, calcium alginate

Biosorption experiments:
The biosorption experiment was carried
out by using glass column of diameter
1.5

cm.

The

glass

column

was

packedwith cotton wool at the base of
length 0.5 cm. The column was packed
with

beads

of

either

immobilized

Bacillus or Pseudomonas up to a height
of 12cm. It requires bead made from
30ml of sodium alginate dry biomass
mixture.

beads were prepared without adding cell
biomass and used as the control to
determine the adsorption capacity of the
calcium alginate for Pb(II) ion.

Fig 3: Column packed with immobilized
alginate beads
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Fig

Macroporous Agarose Gel for Metals

4:

Frozen

gel.

Removal
The macroporous gels were prepared by
the technique of cryogelation.

RESULTS
1) Analysis of Waste:
1) Color: Light blue
2) pH: 14
3) Normality: 0.15N
4) Chemical oxygen demand: 4134
5) Cation present: Zinc
2) Determination of Minimal Inhibitory Concentration (MIC) for Bacillus
subtilis 2713 and Pseudomonas desmolyticum 2112.
Concentration
of lead acetate

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

+

+

+

+

+

+

+

+

_

_

_

_

+

+

+

+

+

+

+

+

_

_

_

_

(ppm)
Bacillus
Subtilis
Pseudomonas
desmolyticum

Table No 3 . Results Of MIC for both Pseudomonas desmolyticum & Bacillus subtilis.

The MIC for both the bacteria was found to be 1300 ppm of lead acetate
3) Growth of Bacillus subtillis and Pseudomonas desmolyticum in the lead acetate
media.
Microbial species

Optical density(540 nm)

Bacillus subtillis

0.19
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Pseudomonas desmolyticum

0.39

Table 4: Optical density of Bacillus subtilis and Pseudomonas desmolyticum cells in lead acetate media.

1) Concentration of lead in the supernatant:
Microbial species

Bacillus subtillis
Pseudomonas
desmolyticum

Lead

Original concentration

Percentage decrease in

concentration(ppm)

in the media

the concentration

118.4

288.4

58.94%

191.3

288.4

66.36%

Table 5: Concentration of lead in the supernatant.

2)

Growth of Bacillus subtillis and Pseudomonas desmolyticum in the neutralized

waste media.
Microbial species

Optical density(540 nm)

Bacillus subtillis

1.01

Pseudomonas desmolyticum

0.83

Table 6: Optical density of Bacillus subtilis and Pseudomonas desmolyticum

cells in lead acetate

media.

6) Concentration of Zinc in the supernatant:
Microbial species

Zinc

Original

Percentage

decrease

concentration(ppm)

concentration in the

in the concentration

media
Bacillus subtillis
Pseudomonas
desmolyticum

0.372

0.541

31.23%

0.334

0.541

38.26%

Table 7: Concentration of Zinc in the supernatant of waste media

3) Biosorption experiments on immobilized cells:
Concentration

Sr No.

Lead absorbed

1.

Lead absorbed by control beads

781.6 mg/ml

2.

Lead absorbed by Bacillus immobilized beads

834.6 mg/ml

3.

Lead absorbed by Pseudomonas immobilized beads

793.1mg/ml

4.

Lead absorbed by 0.09gm of Bacillus cells only

53 mg/ml

5.

Lead absorbed by 0.09 gm of Pseudomonas cells only

11.5 mg/ml

6.

Lead absorbed by Bacillus cells per mg of dry weight

0.5888mg

7.

Lead absorbed by Pseudomonas cells per mg of dry weight

0.127mg

of

lead

Table 8: Concentration of lead absorbed per milligram of cell dry mass
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4) Immobilization of microbial cells in macroporous agarose gel for metals removal.
Sr No.

Lead absorbed

Concentration of lead

1.

Lead absorbed by control gel

587.3mg/ml

2.

Lead absorbed by Bacillus immobilized gel

473.5 mg/ml

3.

Lead absorbed by Pseudomonas immobilized gel

423.6 mg/ml

4.

Lead absorbed by Bacillus cells only

113.8 mg/ml

5.

Lead absorbed by Pseudomonas cells only

163.7 mg/ml

6.

Lead absorbed by Bacillus cells per mg of wet weight

234.63 mg/ml

7.

Lead absorbed by Pseudomonas cells per mg of wet weight 135.68 mg/ml

Table 9:- Concentration of lead absorbed by cells immobilized in macroporous agarose gel.
Concentration

Sr No.

Zinc absorbed

1.

Zinc absorbed by control gel

0.286mg/ml

2.

Zinc absorbed by Bacillus immobilized gel

0.139 mg/ml

3.

Zinc absorbed by Pseudomonas immobilized gel

0.137 mg/ml

4.

Zinc absorbed by Bacillus cells only

0.147 mg/ml

5.

Zinc absorbed by Pseudomonas cells only

0.149 mg/ml

6.

Zinc absorbed by Bacillus cells per mg of wet weight

0.303 mg/ml

7.

Zinc absorbed by Pseudomonas cells per mg of wet weight

0.123 mg/ml

of

Zinc

Table 10:- Concentration of zinc absorbed by cells immobilized in macroporous agarose gel.

Wastes
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