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Abstract: The presence of soluble Cr(VI) particularly in the overburden soil samples of the 

chromite mines area is about 300-500mg Cr(VI)/kg. The level of Cr(VI) in final effluents needs to 

be reduced to the permissible limit <0.05mg/L (USEPA) using appropriate technology before it is 

discharged into the soil. Out of 12 bacterial isolates from the mine samples, CSB-9 was proven 

effective in reducing hexavalent chromium to its trivalent form with its inherent ability to survive 

proficiently in 200ppm Cr(VI). The isolate, confirmed to be Bacillus cereus, was characterised as 

gram-positive and capsule forming with the optimum growth at pH 7.0 and 35
o
C. The process of 

bioreduction of Cr(VI) using B. cereus was optimized with various parameters, viz., pH, initial 

concentration, dosage of adsorbent, temperature. The bacterium gave 90% reduction from 100ppm 

Cr(VI) aqueous feed in 120h at pH 7.0, 35ºC using 1% (v/v) cells/mL.   

Introduction 

Environmental pollution is one of the leading concerns of the society. Industrialization and human 

activities has contributed to the toxicity prevailing in the atmosphere. Due to technological 

importance, heavy metals such as cadmium, chromium, zinc, copper etc. are used in industrial 

applications and eventually released into the environment [1]. In recent years, chromium has been 

adjudged as one of the major pollutant. Rigorous dumping of wastes from industries such as 

electroplating, mining, steel production etc. has elevated the overall percentage of heavy metals 

emanated into the environment. Accumulation of toxic metals has caused several developmental 

abnormalities, carcinogenesis, mental retardation and wide range of diseases [2]. Chromium (Cr) is 

a naturally occurring element that is found in rocks, soil, plants, animals, volcanic dust and gases. 

Chromium is present in soil at a concentration of 10-150 mg/kg. Industries such as steel production, 

pigment and dye production, chrome ore beneficiation release considerable amount of chromium in 

the atmosphere [3,4]. Chromium exists in several oxidation states, but the most stable and common 

forms in the environment are trivalent Cr(III) and hexavalent Cr(VI) chromium [5]. Trivalent 

chromium is immobile in nature and is less toxic as compared to its hexavalent form [5]. Cr(VI) as 

chromate and dichromate is considered one of the principal pollutants and has been categorized in 

Class A carcinogen list of United States Environmental Protection Agency (USEPA). In mammals, 

Cr(III) promotes glucose, protein, and lipid metabolism. Cr(VI) has mutagenic and carcinogenic 

effect on living organisms, including  microorganisms [6].   

Conventional methods employed for the removal of metals were chemical precipitation, reverse 

osmosis, ion exchange, filtration, electrochemical treatment, evaporation and membrane 

technologies. These methods have been ascertained due to their low efficacy towards 

stochiometrically less metal ion concentration, problems with generation of sludge, and high cost of 

installation [7]. Therefore, it is important to develop an eco-friendly method for the removal of 

toxic substances from soil contaminated with heavy metals [8-10]. Bioremediation is a process 

where living organisms are employed primarily microorganisms, to degrade the environmental 

contaminants into less toxic forms [11,12]. It uses naturally occurring bacteria [13-16] and fungi 

[17,18] to degrade or detoxify substances hazardous to human health and/or the environment. The 

microorganisms may be indigenous to a contaminated area or they may be isolated from elsewhere 

and brought to the contaminated site. The microorganisms have the capability to protect themselves 

from heavy metal toxicity by various mechanisms such as adsorption, uptake, methylation, 

oxidation and reduction [3]. A comparative data depicting the efficiency of various microbes for 

reduction of Cr(VI) form chromite mine soil is presented in Table-1. 
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Table-1: Comparative performance of adsorbents for Cr(VI) removal from chromite mine wastes 

Sl. 

No 

Organism Media Source of 

Isolation 

Cr(VI) 

Concentration 

pH Temp 

(
o
C) 

Reduction 

(%) 

Reference 

1. Pseudomonas 

corrugata 28 

Tris 

minimal 

medium  

Cr(VI) 

contaminated 

soil 

0.2mM Cr(VI)  7.0 25±1 95%  [9] 

2. Halomonas 

sp. TA-04 

YEPG 

and 

NaCl 

medium  

Cr(VI) 

polluted 

sediments 

0.2mM Cr(VI) 6.5 28 94.5% [12] 

3. Penicillium 

sp. N3 

PG 

medium  

Cr(VI) 

contaminated 

soils 

50 ppm Cr(VI) 3.0 30  93% [18] 

4. Amphibacillus 

sp. KSUCr3 

Alkaline 

agar 

medium  

Cr(VI) soil 

and seepage 

water 

samples  

1-5mM Cr(VI) 10.5 40 67%  [7] 

5. Streptomyces 

sp. MC1 

Liquid 

minimal 

medium  

Soil sample 50 mg/kg Cr(VI)  7.0 30 94%  

[16] 

6. Bacillus 

cereus 

MCC2075 

LB 

broth 

Overburden 

soil  

300-500mg 

Cr(VI)/kg 

7.0 35 90% This Work 

 

 In this paper, our efforts are concentrated to selectively screen the most potent bacterial 

strain tolerant to high Cr(VI) concentration, and evaluate its growth pattern. The bacterial species is 

then tested to optimise the parameters for reduction of hexavalent chromium. 

 

Materials and methods 

Sample collection: Soil samples were collected in sterile bottles from the mining area of Sukinda 

valley (21°0'N–21°5'N: 85°43'E-86°0'E) and Baula-Nuasahi belt (21°10'N-21°15'N: 86°18' E-

86°22' E) of Jajpur and Keonjhar districts of Orissa, India, respectively. The soil samples were 

collected in sterile glass bottles for storage at 4
o
C. For chemical analyses and phase identification, 

soil samples were dried for several days and finally ground to powder. The chemical analyses were 

carried out by X-ray fluorescence (Philips, PW 1404) while the mineral phases of fresh chromite ore 

were identified from powder X-ray diffraction (PXRD) patterns recorded by a Siemens D500 X-ray 

diffractometer. The XRD phase identification showed mainly the presence of chromite and 

weathered products of olivine such as serpentine and chrysolite as the major phases, with enstatite 

belonging to the pyroxene group of minerals as minor phase. With time, chromium are leached out 

through chemical and microbial processes to contaminate nearby agricultural lands [10,11], as 

evident from the chemical analysis, which showed the presence of reasonably high chromium 

content (0.272 wt% Cr2O3, 1860 mg Cr kg
-1

 soil). 

 

Reagents: All the chemicals, reagents and microbiological media used in the present study were of 

analytical grade. Luria Bertani (LB) broth and Agar-agar (Hi-Media, India) were used as supplied. 

A stock solution (1000 mg L
−1

) of Cr(VI) was prepared by dissolving required weight of K2CrO4 

(Merck, India) in microbiological grade distilled water (18.2MΩ Millipore, India), which was then 

sterilized and added to the medium before inoculation. Diphenylcarbazide (0.25%) was freshly 

prepared by dissolving it in acetone (95%). Concentrated sulphuric acid was diluted to the required 

volume to make 6 N H2SO4.  
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Isolation and characterization of chrome soil bacteria: For the isolation of chrome soil bacteria, 

serial dilution of the soil samples was done. 0.1mL of the serial diluted sample was spread on LB 

agar plate. After 24 hours of incubation at 35ºC, different types of bacterial colonies were observed 

on the plates. The purified isolate named as CSB-9, was subjected to molecular characterization 

based on 16S rRNA and the results were matched with RDP Database and the confidence in 

identification was evaluated by both the availability and the extent of homology shown by the 

~1200 bp sequence of your sample with its closest neighbor in the database.  

 

Growth kinetics of the bacterial isolate and protein estimation: The bacterial isolate was cultured 

in LB broth at pH 7.0 and 35ºC. Samples for assessment of growth kinetics and cell count were 

taken at regular intervals. The pure bacterial isolate was revived in 10, 50 and 100 ppm of Cr(VI) 

i.e. K2Cr2O4. For the evaluation of growth kinetics in different concentration of Cr(VI), the bacterial 

isolate was adapted on Cr(VI). The pH of the culture was maintained between 7.0-7.25, temperature 

35ºC-37ºC. After the hourly monitoring of the cell growth, the culture was incubated for 48, 72 and 

96 hours. For the first 24 hours, the optical density was measured using UV-Vis spectrophotometer 

(VARIAN) at 610 nm at the interval of 30 minutes. The cell count of the sample was done in 

Petroff-Hauser Counter in LEICA phase contrast microscope. 

For estimation of protein, the bacterial isolate was cultured in LB medium at pH 7.0 and 

temperature 35ºC. The extraction of cell free extract was done. The determination of protein 

concentration was done using Lowry’s method [19]. The protein estimation of pure culture and the 

cultures along with Cr(VI) was performed. The standard plot was prepared by the standard samples. 

Using the standard plot, the concentration of unknown samples was determined. 

Studies on adaptive tolerance of bacteria: The growth pattern of bacteria was studied by growing 

the organisms in the presence of known concentration Cr(VI) and comparing with the control 

culture in which no metal ions were added. For the determination of optimum pH, 6 sets of 250mL 

flasks were set up; having 100mL of LB broth inoculated with 1mL of bacterial culture at different 

pH values. The pH values ranged from 2.0- 11.0. After an incubation of 24 hours, their optical 

density was measured at 610 nm using UV-vis spectrophotometer. The growth of the strain was 

studied by altering pH values and keeping the other parameters such as temperature (35
o
C), 100ppm 

Cr(VI) concentration and 1%(v/v) dosage of bacterial inoculums. The strain was cultured in LB 

broth at temperature range of 25ºC-45ºC and inoculated with 1mL of bacterial culture. After an 

incubation of 24 hours, their optical density was measured at 610 nm using UV-Vis 

spectrophotometer. The growth of the strain was studied by varying temperature range, without 

altering the other different parameters such as pH (7.0), 100ppm Cr(VI) and 1%(v/v) dosage. 

 

Optimisation of parameters for reduction of hexavalent chromium: In order to determine the 

ability of bacterial isolate to reduce Cr(VI) (100µg/mL) to Cr(III), diphenylcarbazide method was 

used [5]. The samples were taken from the culture (1mL) after 24 hours and filtered. The filtered 

sample (1mL) was taken in 50mL volumetric flask, followed by the addition of diphenylcarbazide 

solution (prepared by dissolving 0.25g diphenylcarbazide in 100mL acetone) and 1mL of 6N of 

H2SO4. The volume of the solution was made up to 50 mL mark in the volumetric flask. The 

mixture was kept at room temperature for 10 minutes to allow for color development and then the 

optical density was measured at 540 nm using UV/Vis spectrophotometer. Regular monitoring of 

Cr(VI) reduction was an indicative of measurement of incubation time [10]. The value of Cr(VI) 

was also corroborated to the status and count of bacteria in the solution, after complete cycle. 

 

Results and discussion 

 

Identification and characterization of the bacterial isolate: The soil sample was brown in colour, 

with city sand texture, and has a pH of 7.8. The soil was rich in basic nutrient contents of nitrogen 

(87kg/Ha), phosphorus (2.6kg/ha) and potassium (67kg/ha). The morphological and physiological 
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characteristics of the bacterial isolate from soil have been listed in Table-2. It concludes that CSB-9 

has slimy colonies (Fig. 1a) and is gram- positive, thick long capsule forming rods (Fig. 1b). The 

pure slant was submitted to Microbial Culture Collection of National Center for Cell Sciences, 

Pune, INDIA for molecular characterization and classification. The identification as depicted in Fig. 

2 was evaluated and confirmed with 100% homology to Bacillus cereus ATCC BAA-1005. 

 

Growth kinetics and protein estimation for CSB-9: Over the growth period of CSB-9, the pH 

initially increased from 7.0 to 7.49 and later on it was recorded as 8.15 after 12 hours of growth. 

The isolate showed an exponential rise in the cell count. The optical density was measured at 610 

nm which also showed exponential rise (Fig. 3a). ln values (cell count (t)/ initial cell count) vs. 

time, called as the first order plot was made and a straight line was fit to obtain specific growth rate 

µ. R
2
 value was found to be 0.902. µ was calculated from the slope of the straight line and was 

found to be 0.151(Fig. 3b). From this, generation time was calculated as 4.58 h
-1

, and a total protein 

content of 1.28 mg/mL. The total protein content of CSB-9 pure isolates was greater than that of 

CSB-9 in presence of Cr(VI), being 0.60 mg/mL.  

 

Table-2: Morphological and physiological characteristics of the bacterial isolate, CSB-9 

Features Results 

Gram nature Positive 

Shape Thick and long rods 

Arrangement Single 

Endospore Positive 

Capsule Positive 

Motility Positive 

Type of colonies Slimy and convex 

Pigment production Negative 

Indole Test Negative 

Methyl Red Test Positive 

Voges Proskauer Test Negative 

Triple Sugar Iron Agar Test Dextrose fermenting 

Simmon’s Citrate Agar Test Positive 

Starch Hydrolysis Test Negative 

DNase Test Positive 

Catalase Test Negative 

Oxidase Test Negative 

H2S Production Positive 

Esculin Hydrolysis Positive 

Mono/Disaccharide utilisation Positive 

Glycerol Positive 
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Fig. 1: Pure isolates of CSB-9: (a) Luria Bertani agar (plate view); (b) microscopic view (1000X) 

 
Fig. 2: Molecular characterization of CSB-9 

Adaptive tolerance of the bacterial isolates: The bacterial strain was adapted on different ranges of 

initial Cr(VI) concentration, pH and temperature. This was done with the prime objective to scale 

up the ability of the strain to adhere to a particular initial Cr(VI) concentration, pH and temperature 

for its growth as follows. 

b a 
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Effect of Cr(VI) concentration: The strain CSB-9 showed magnificent adaptation on all the 

respective Cr(VI) concentration (Fig. 4). But at the end of 96 hours, there was cell death observed in 

the culture. Fig. 5a depicts change in cell shape of the species with their exposure to 100ppm Cr(VI) 

in 72h microscopically.  
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Fig. 3: Growth kinetics of CSB-9 in LB broth (a) Change in cell count vs. optical density at 610 

nm.; (b) Estimation of generation time 

 

Effect of pH: At pH 2, the bacterial isolates showed low growth and low increment in pH change. 

The cell count was recorded as 4×10
7
 cells/mL at pH 2, and with reduced size. At pH 4, the cell 

count was recorded 9.5×10
7
 cells/mL with no remarkable pH change; whereas, at pH 5, the cell 

count was recorded as 2.5×10
8
 cells/mL. At pH 7, the cell count was 2.6×10

8
 cells/mL with thick 

and long rods. Though, good growth was seen at pH 9 and 11, the optimum pH was kept as 7.0 in 

comparison to the conventional processes. Experiments at basic pH were avoided as it leads to 

chromium precipitation; but the growth pattern of organism indicates its extremophilic nature. 

Effect of temperature: The cells of CSB-9 attained curved shape at 25ºC; while, at 30ºC, the cells of 

CSB-9 appeared as thin and long rods. At 35ºC, the cells of CSB-9 appeared as thick and long rods. 

The cells appeared as small rods and even distorted at 40-45ºC. The best temperature for the growth 

of the bacterial isolate was confirmed to be 35ºC (Fig. 5b).  

a 

b 
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Fig. 4: Change in optical density as a measure of growth of CSB-9 in presence and absence of 

100ppm Cr(VI). 

 

   
Fig. 5: Growth pattern under optimised conditions for CSB-9 (a) on 100ppm Cr(VI); (b) 35

o
C in 

72h (1000X) 

 

Optimisation of parameters: Parameters of pH, initial ion concentration, temperature, and dosage 

of cells was varied as described [20] follows. 

 

Effect of initial concentration: The effect of initial Cr(VI) concentration on the reduction rate at pH 

7.0 and 35
o
C with 1%(v/v) inoculum was determined on the basis of the growth of bacteria. The 

reduction rate was relatively low during first 24 hours. About 50-60% reduction was observed at 

lower Cr(VI) concentration (10ppm) in 120 hours (Fig. 6) by CSB-9. As the concentration of 

hexavalent chromium increased to 200ppm, CSB-9 could reduce 90% Cr(VI) in 120h. The 

reduction rate increased with increase in time duration. The bacterial growth and reduction rate was 

commendable at an initial hexavalent chromium concentration of 200ppm.  

 

 

a b 
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Fig. 6: Cr(VI) reduction % of CSB-9 at different initial Cr(VI) concentration. 

 

Effect of pH: The bacterial reduction of Cr(VI) studied in the pH range of 2.0-9.0 at 35
o
C and 100 

ppm Cr(VI) showed that reduction increased with increasing pH values (Fig. 7). With CSB-9, the 

cell size remained average but there was a decrease in cell count as well as in the reduction rate. pH 

4 and 5 were also suitable for reduction of Cr(VI), but was not preferred due to lesser bacterial 

activity. The best growth and reduction was taken as pH 7, which facilitated ~90% hexavalent 

chromium reduction. 

 

Effect of temperature: The temperature range studied for the reduction of Cr(VI) was 25ºC- 45ºC 

with dosage of 1% (v/v), 100 mg L
-1

 Cr(VI) concentration and pH 7. The reduction of hexavalent 

chromium increased with the increase in temperature. About 90% Cr(VI) reduction was observed at 

35ºC in comparison with only 80% reduction at 25ºC (Fig. 8). The bacterial isolate was well 

adapted on 35ºC, where the cells had the maximum growth rate evident from the cell count. 

Therefore, the cells were able to carry out reduction more efficiently at 35ºC as compared to the 

temperature range taken up for optimization.  At 45ºC, the cells had shrunken in size and this 

affected the reduction ability of the isolate. The reduction rate decreased with the increase in 

temperature i.e. 45
o
C. 

 

 
Fig. 7: Cr(VI) reduction % of CSB-9 at different pH values. 
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Fig. 8: Cr(VI) reduction % of CSB- 9 at different temperatures. 

 

 

Effect of dosage of bacteria: The bacterial reduction of Cr(VI) was studied by varying the dosage of 

bacteria in different test flasks. The test flasks were inoculated with 0.5%, 1%, 2% and 5% (v/v) of 

bacterial culture. The test flasks were adjusted at pH 7 and incubated at 35ºC with a shaking speed 

of 100 rpm. About 90% Cr(VI) reduction was observed with the dosage of 1% (v/v) CSB 9 (Fig. 9). 

Due to the formation of high endospore, the reduction ability of the isolates reduced at 5% (v/v) 

dosage of bacterial inoculum which is attributed to the uneven ratio of cells and media. 

 
Fig. 9: Cr(VI) reduction % of CSB- 9 at varied dosage of bacteria. 

 

Conclusions 

•••• The prime objective of this work was to reduce the hexavalent chromium to its trivalent form. 

This would be helpful in reducing the toxicity of chromium prevailing in the environment.  

•••• The native and indigenous species isolated from mines overburden soil, named as CSB-9, was 

identified as Bacillus cereus. The bacterial isolate was gram- positive in nature and motile, with 

thick, long and capsule forming rods.  

•••• In the presence of Cr(VI), the microbial species were able to grow upto a concentration of 100 

ppm. The generation time of CSB-9 was deduced as 4.58 h
-1

 and high protein content of 1.28 
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mg/mL. The protein content of CSB-9 along with Cr(VI) was relatively low in comparison to 

the pure culture. The bacteria were tested positive for their luxuriant growth in 100ppm Cr(VI), 

and grew well at pH above 7.0, and temperature in the mesophilic domain.  

•••• The effect of initial pH of the solution was studied and the optimum pH obtained was 7.0 that 

reduced Cr(VI) up to 90%. Influence of incubation temperature was studied and the optimum 

temperature obtained was 35ºC, where bioreduction efficiency was similar. 

•••• The effect of inoculum volume was studied, where maximum bioreduction of 90% was 

achieved with 1% (v/v) culture of CSB-9.  

•••• The microbial species are now being tested for their ability to reduce hexavalent chromium in 

real systems. 
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