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In India, rare-earth compounds are produced

from the beach sand mineral monazite.

Caustic digestion of the mineral followed by

selective acid extraction is the method used to

separate composite rare-earth fraction. The

composite rare-earth chloride contains low

levels of natural radionuclide and is the starting

material for individual rare-earth compounds

which have wide applications.

One major research effort focuses on the

stabilization of metal contaminants, such as

uranium and chromium, through in situ

stimulation of natural microbial communities to

reduce the metals to less soluble forms. These

communities in the subsurface have the capacity

to immobilize several metal contaminants but

are often limited by the lack of suitable electron

donors. As electron donors (e.g., methanol,

ethanol, pyruvate, glucose) are added, oxygen

is consumed through aerobic respiration. Then,

alternate electron acceptors are used by

bacteria, typically in a sequence determined by

community metabolic potential, electron donor

bioavailability, and decreasing energy yield of

reaction. Oxidized soluble metals, such as U(VI)

and Cr(VI), may be transformed to reduced,

insoluble forms through various metabolic and
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coupled biogeochemical processes.

Previous studies, summarized in (Suzuki

and Suko 2006) and (Wall and Krumholz 2006),

have shown that although uranium

bioremediation through subsurface electron

donor addition is possible,  significant

challenges persist e.g electron donors shown

to stimulate aqueous uranium reduction upto

51% or less sediment-bound uranium (Ortiz-

Bernad et al., 2004 and Wu et al., 2006).

Often, the electron donor is chosen to target

organisms known to rapidly reduce uranium

in laboratory settings. Nonlinear relationships

between microbial community structure and

subsurface biogeochemistry have been

demonstrated for immobilization of metals

(Palumbo et al., 2004), suggesting that,

although enr ichment of specific target

organisms has been documented in field

experiments (Holmes et al., 2002; Nevin et

al., 2003; Anderson et al., 2003; Istok et al.,

2004, North et al., 2004; Chang et al. ,

2005; Wu et al., 2006), the prevalence of

individual taxonomic groups may not be

sufficient to describe the potential for long-

term uranium immobilization. Sorbed or mineral

forms may continue to release uranium to
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Radionuclides and metals have posed a great threat to the sustenance of life on this earth. These are

released by various human activities and get accumulated without being eliminated. This environmental

hazard can be alleviated by the utilization of metal assimilating microbes.The main objective of this
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RIP-2 have been shown to grow well in media supplemented with varied concentrations of different

metals and exhibited maximum tolerance to UV radiations.
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ground water after cessation of electron donor addition,

especially as carbonate complexes.

During the present investigation the soil samples

collected from the outskirts of Indian rare earths limited,

Gopalpur ,Orissa.This site is well known  which  for the

radionuclides in eastern coast of India.The major

radionuclides and heavy minerals that are present in the

site are Ilmenite, Rutile, Zircon, Sillimanite, Garnet and

Monazite from beach sand and producer of rare earth

(Lanthanides) chemicals, thorium nitrate, etc. Hazardous

waste sites require remediation to contain and prevent

the further spread of toxic chemicals into the environment.

Following removal of the contaminant source, natural

attenuation and bioremediation are two components of

cleanup strategies. It is particularly true for such industrial

metals as lead, cadmium, zinc, and nickel. It is also true

for such important radio nuclides that are present in

radioactive waste as 90Sr, 137Cs, and isotopes of Pu

(plutonium) and U (uranium).

MATERIALS AND METHODS

Isolation of microbes from soil by serial dilution:

 Micro organisms are ubiquitous in their occurrence

and the common sources for their isolation are soils, lakes

and river beds. Common techniques used for the isolation

of industrially useful micro organisms include soil dilution

and plating on suitable media. Bacteria can reproduce

until they reach population densities of approximately 109

(one billion) /ml. Thus, it becomes necessary to dilute them

in order to isolate discrete colonies.

Biochemical tests:

Several biochemical tests were performed viz.,

Gram staining, fungal staining, endospore staining,

Catalase, carbohydrate fermentation, starch hydrolysis,

gelatin hydrolysis, casein hydrolysis, hydrogen sulphide

production, nitrate reduction and VP .

Bacterial growth analysis:

The growth of micro organisms is a highly complex

and coordinated process, ultimately expressed by increase

in cell number or cell mass. The required media Peptone

tryptone yeast extract agar (PTYA) and Nutrient broth

were prepared and autoclaved at 15 psi / 1210C for 15

minutes, followed by inoculation and incubation at 370C.

Antibiotic sensitivity assay:

The agar diffusion assay is one method for quantifying

the ability of antibiotics to inhibit bacterial growth. The

required agar media Peptone tryptone yeast extract agar

(PTYA) and Nutrient agar media were prepared and

autoclaved at 15 psi / 1210C for 15 minutes. The media

was inoculated with the pure cultures of RIP-1and  RIP-

2 by spread plate technique. The standard antibiotic discs

(Streptomycin, Kanamycin,  Tetracycline,  and

Erythromycin, Ampicillin, Penicillin and Polymyxin) were

placed over the spreaded plates and  incubated at 370C .

Metal toxicity:

100mM of test metals (Cadmium, Cobalt, Chromium,

Copper, Mercury, Silver and Lead) was prepared and kept

as stock. These metals further diluted to 1mM, 2mM,

10mM, and 100 mM followed by 1ml of metals of different

concentrations and 1ml culture was added and mixed and

incubated at  370C and analyzed by UV –Vis

spectrophotometer at (600nm) at the time interval of  24

and 48 hours, respectively.

U .V.  tolerance study:

Cell suspensions of RIP-1 and RIP-2 were inoculated

on sterile Peptone tryptone yeast extract agar (PTYA),

Nutrient agar media and after incubation at 370C exposed

to U.V light for 10 minutes, 20minutes, 1 hour and 2 hours.

100 µL of the U.V exposed culture was spreaded over

agar plates and incubated at 370C to study the effect of

UV radiation on growth and revival of bacteria.

Radionuclide tolerance assay:

This assay was performed to know the affinity of

the isolated organisms towards radionuclides. The cells

from mid log phase were taken and then diluted with 100ml

of sterile broth. And 1ml of these cultures was centrifuged

at 6000 rpm for 10 minutes.The supernatant was

discarded. The cell pellets were dissolved in 0.1N NaCl

(pH 4.0). The pellets were diluted in normal saline.100µl

of this suspension was spread over their respective agar

media and  incubated over night.Again the pellets were

mixed with 1 ml of 0.1N NaCl, and  incubated at 370C.

After 1 hr incubation 100µl of this suspension was taken

and spread over their respective agar media.Finally the

pellets were dissolved with 0.5 ml of uranium acetate

solution and 0.5 ml of 0.1N NaCl (pH 4.0) followed by 1

hr incubation.  After 1 hr incubation, 100µl of this

suspension was taken and spread over their respective

agar media.This became the first incubation step.At this

step,  the cultures were serially diluted in sterile saline.This

serially diluted 10 -6 samples were again spread over their

respective agar media. These spread  plates were kept in

the incubator for over night growth. This 2nd incubation

cultures were inoculated into sterile broth and incubated

at 370C for 24 hours .These broth cultures were then

used for the study of alkaline phosphatase assay.
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Alkaline phosphatase assay:

 This enzyme is responsible for the bioprecipitation

of radionuclides.So, this enzyme was taken into account

to know their response towards radionuclides.

P-Nitrophenyl phosphatase + H
2
O→ P-Nitrophenyl + Pi

Method: Stopped spectrophotometric rate determination

Reagent A:  100mM Glycine buffer with 1mM MgCl
2
 ,

pH-8.8 at 37°C

Reagent B: 15.2mM p-nitrophenyl phosphate solution

(PNPP)

Reagent C: 20mM NaOH solution

0.5 ml of reagents A and B were mixed in a sterile

test tube and incubated for 10 minutes. After incubation,

0.1 ml of distilled water was added to the blank test tubes.

In the other test tubes,  0.1ml of broth cultures was added

and was again incubated for 10 minutes. Then 10 ml of

reagent C was added to all the test tubes including blank

and the absorbance was taken at 410nm.

RESULTS AND DISCUSSION

The study revealed that  one isolate RIP-1 was a

gram +ve strain and found to have glucose utilization,nitrate

reduction and catalase activities (Table 1), exhibited

maximum growth after 210 min of incubation (Table 2),

exhibited highest sensitivity to Ampicillin and least

sensitivity to streptomycin (Table 4), exhibited good growth

even at 100mM concentrations of heavy metals and thus

found to have resistance to metal toxicity with biochemical

characterization and its growth on radionuclide containing

media indicates its potential for bioremediation. It has

shown very good growth in PTYA medium which is

Table 1:  Biochemical tests of strain RIP-1 and IP-2  

Biochemical tests RIP-1 RIP-2 

Glucose + - 

Mannitol - - 

Nitrate reduction + - 

H2S production - - 

MR-VP Test - - 

Gelatin hydrolysis - + 

Casein hydrolysis - + 

Starch hydrolysis - - 

Gram staining + + 

Catalase + + 

 

Table 2: Spectrophotometric growth analysis of strain RIP-1 

at 600nm  

Incubation time O. D at 600 nm 

120 minutes 0.062 

150 minutes 0.052 

180 minutes 0.045 

210 minutes 0.203 

240 minutes 0.050 

                              

Table 3: Spectrophotometric growth analysis of strain RIP-2 

at 600nm  

Incubation time O.D at 600 nm 

24 hr 0.150 

48 hr 0.164 

72 hr 0.360 

96 hr 0.195 

 

Table 4:  Zone of inhibition (mm) of various antibiotics 

against the strains RIP-1 and P-2 

Zone of inhibition in mm 
Antibiotics 

RIP-1 RIP-2 

Streptomycin 8 15 

Kanamycin 20 20 

Tetracyclin 12 14 

Erythromycin 14 13 

Ampicillin 27 2 

Penicillin 17 No zone 

Polymyxin 14 11 

 

specific to Listeria dentrificans and is concluded this strain

may be the representative of same group which is known

for its bioremediational capability (Table 5). The another

isolate RIP-2  was found to be gram +ve and exhibited

caseinhydrolysis ,gelatin hydrolysis and catalase activities

(Table 1), exhibited maximum growth after 72 hrs of

incubation (Table 3), exhibited high sensitivity to

Tetracycline and insensitivity to Pencillin (Table 4),

exhibited  growth at higher concentrations of heavy metals

(Table 6). Both the strains exhibited tolerance to

radionuclides and involved in the production of the enzyme

alkaline phosphatase (Table 7 and 8).

The collection site is active zone of Indian Rare

Earths Limited, Berhampur Orissa and the major activities

of this company is mining and extraction of various heavy

metals. The soil sample was thought to ascentain n micro-

organisms that may be tolerant to various metals and

radionuclides which in turn may help in the bioremediation

of various soils that have been contaminated by these

metals and radionuclides. Screening of microbes from the

soil samples gave strong indications that the soil contains

many nicrobes of interest with special reference to
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microbes for bioremediation of radionuclides and

radioactive waste management practices.
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