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Abstract 
The ability of Bacillus sp. MRKV isolated from tannery effluent which shows resistant towards hexavalent 
chromium potassium dichromate (K2Cr2O7) was evaluated in this study. The bacterial strain was assayed for 
its reducing ability towards K2Cr2O7. The study revealed that the isolated strain has the ability to reduce the 
hexavalent chromium and the optimal conditions required for the chromium reduction was also evaluated. 
The observations infer that the bacterial strains can be exploited for bioremediation of hexavalent chromium 
containing wastes, as they seem to have a great potential to reduce the toxic hexavalent form to a less toxic 
trivalent form. 
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Introduction 
Heavy metals have vast industrial applications due to 
their technological importance. Chromium is the seventh 
most abundant element on earth and exists in several 
oxidation states. The most prevalent forms of chromium 
in the natural environment are hexavalent and trivalent 
(Chung et al., 2006). Chromium is used in various 
industries: wood preservation, leather tanning, textile and 
ceramics. Wastewaters from these industries possess 
several toxic effects to life forms and the environment. 
Accumulation of these toxic metals in human has several 
adverse actions such as growth and developmental 
abnormalities, carcinogenesis, mental retardation and 
wide range of other illnesses (Thiele, 1995). In addition 
to these, the chromium and salt ions present in these 
waste waters have toxic effects towards the microbial 
consortia of wastewater treatment systems (Stasinakis  
et al., 2003).  
 
The available traditional methods for the removal of this 
toxic metal from industrial effluents include chemical 
precipitation, reverse osmosis, ion exchange, filtration, 
membrane technologies, evaporation recovery, etc. 
(Ahluwalia and Goyal, 2007). These processes were 
found to be less effective and extremely expensive 
(Nourbakhsh et al., 1994). Therefore, it is mandatory to 
develop an innovative, cost-effective and eco-friendly 
method for removal of toxic chromium from the 
wastewater. The microbes present in such wastewaters 
will develop a resistance towards the toxic chromium 
metal. The mechanisms behind their resistance include 
adsorption, uptake, methylation, oxidation and reduction 
of toxic, highly soluble Cr6+ to less soluble and less toxic 
Cr3+ (Elangovan et al., 2006; Goulhen et al., 2006; 
Viamajala et al., 2007).  

 
The present investigation would aim at the isolation of 
chromium resistant bacterial strain from chromium 
contaminated industrial effluent, its characterization, 
reduction of hexavalent chromium and optimization of 
various parameters for chromium reduction. 
 
Materials and methods 
Isolation of chromium resistant bacteria: The effluent 
samples were collected from the dumping site of the Alfa 
Impex Tannery Industry, Chennai, in sterile containers 
and brought to the laboratory for further analysis. The 
bacterial isolates were allowed to spread on fresh, sterile 
Luria Bertani (LB) agar medium incorporated with 5 mg/L 
concentration of potassium dichromate (Rehman  
et al., 2008). The medium was incubated for 3–5 d and 
the colonies differing in their morphological 
characteristics showing maximum growth were analyzed 
for further investigations. 
 
Biochemical characterization of isolated bacteria: 
Purification of the bacterial culture was confirmed by 
Gram staining. The pure colonies were again cultured on 
Nutrient agar. After obtaining pure culture, following 
biochemical tests were performed for the preliminary 
characterization purposes: Indole test, Methyl red test, 
Voger Proskauer test and Citrate utilization test (Ahmed 
and Kanwal, 2004). These tests were used to identify the 
isolate according to the Bergey’s manual of systematic 
bacteriology (Claus and Berkeley, 1986). 
 
Reduction of hexavalent chromium: The ability of the 
isolated bacterial strain on the reduction of hexavalent 
chromium was analyzed using potassium dichromate.  
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The LB broth was prepared with 50 mg/L concentration 
of K2Cr2O7. The medium was inoculated with 2% volume 
of the test bacteria and incubated at 200 rpm for 5 d. 
After incubation, the medium was withdrawn and 
centrifuged to collect the supernatant. The supernatant 
was analysed for the residual hexavalent chromium 
(Barlett and James, 1996). 
 
Diphenylcarbazide assay: The amount of hexavalent 
chromium present in the supernatant was analysed using 
diphenyl carbazide method described by Alok Prasad 
Das and Akalabya Bissoyi (2011). The 
Diphenylcarbazide (DPC) reagent was prepared by 
dissolving 0.025 g of DPC in 9.67 mL of acetone and 330 
L of H2SO4. In an Eppendorf tube, 200 L of culture 
supernatant was added. To this 400 L of 20 mM  
MOPS-NaOH buffer, 33 L of 3M H2SO4, 40 L of DPC 
reagent and 327 L distilled water was added. The 
absorbance was read immediately at 540 nm. 
 
Optimization studies: The effect of various environmental 
conditions on the reduction of chromium and bacterial 
growth was analysed. The impact of inoculum density 
was studied by inoculating the culture media with a range 
of 1–5% of bacterial starter. The effects of temperature 
and incubation time on chromium reduction was studied 
by conducting the bioprocess at temperature range  
25–45C and incubation period range of 0–72 h at 12 h 
intervals. The influence of initial pH of medium was 
studied at the pH range 5–10.  
 
Result and discussion 
In this study, a chromium resistant bacterium has been 
isolated from tannery effluent. The tannery effluent was 
selected as various researchers reported that the 
wastewater from the tannery were rich in chromium and 
chromium reducing bacteria (Basu et al., 1997; Zahoor 
and Rehman, 2009). It is because the natural habitats of 
certain bacteria are generally characterized by  
co-existence of a large number of toxic and nontoxic 
cations. Of the 7 strains grown on screening medium, the 
bacterial strain that showed increased growth was 
selected and it revealed resistance towards the 
chromium ions in the medium. Chromium is a common 
pollutant in industrial effluents which contaminates the 
natural water and its removal has been well documented 
by various researchers (Pattanapipitpaisal et al., 2002; 
Zahoor and Rehman, 2009). The microbe-catalysed 
reduction of Cr6+ to Cr3+ is one of the most potential 
method which was first reported by Romanenko and 
Koren’Ken (1977) using Pseudomonas sp. 
 
The selected potential bacterial isolate resistant to 
chromium was subjected to identification by determining 
its biochemical characteristics as per Bergey’s manual of 
systemic bacteriology. The isolate was found to be gram 
negative, spore forming, indole negative, MR-VP positive 
and non-citrate utilizing bacteria. From the biochemical 
observation, the bacterial isolate was identified as 
Bacillus sp. (data not shown). 

Fig. 1. Effect of temperature on chromium degradation by 
Bacillus sp. MRKV. 

 
 

Fig. 2. Effect of pH on chromium degradation by  
Bacillus sp. MRKV. 

 
 

Fig. 3. Effect of incubation time on chromium degradation  
by Bacillus sp. MRKV. 

 
 
The growth response of bacterial isolate and the 
reduction of hexavalent chromium (K2Cr2O7) were 
studied in Nutrient broth with respect to different 
environmental conditions. The optimum incubation 
temperature for chromium resistant strain on K2Cr2O7 
amended medium was found to be 35C (Fig. 1). The 
isolate also showed maximum growth at pH 8 (Fig. 2). 
The growth curve pattern was studied by analyzing its 
growth at different incubation times which elucidates the 
better growth was obtained during 48th h after inoculation 
(Fig. 3).  
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Chromium reducing capability of the bacterial isolates 
was also assayed simultaneously which revealed that the 
chromium reduction was directly proportional to the 
growth of the strain i.e. the rate of chromium reduction 
increases with respect to the increase in cell density. 
Some researches including, Farah et al. (2010) also 
suggests the same concept: the rate of increase in cell 
density is directly proportional to the rate of chromate 
reduction. The isolate shows merely steady growth 
throughout the study. This bacterium was able to reduce 
hexavalent chromium rapidly.  Potassium permanganate 
was selected for the present study as it comes under the 
category of compounds containing hexavalent chromium 
(Cr(VI)). Hexavalent chromium is a dangerous 
carcinogen and oxidizing agent and listed as Class A 
human carcinogen by the US environmental protection 
agency (Desai et al., 2008). 
 
Conclusion 
This study reported isolation of potent chromium 
resistant Bacillus sp. strain from tannery effluent located 
in Chennai, India. The strain can effectively reduce 
hexavalent chromium under wide range of environmental 
parameters. The isolated bacterial isolate showed 
excellent activity towards the reduction of chromium. 
Hence, the bacterial strain Bacillus sp. MRKV can be 
applied in the bioremediation of hexavalent chromium 
containing wastewaters, as it found to be having potential 
to reduce the toxic hexavalent chromium to its less toxic 
trivalent form. 
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