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ABSTRACT 
 

Orissa has a rich belt of mineral deposits; particularly Cr (VI) contamination in the Sukinda 
mines region has been identified as a red alert area. Our objective was to explore the use of 
indigenous microbial populations in a soil heavily contaminated with Cr (VI). It was capable 
of catalyzing Cr (VI) reduction as well as grows in the Nickel environment, thereby 
decreasing Cr and Ni toxicity and bioavailability. For this purpose the soil samples are 
collected from different chromium contaminated sites of the Sukinda mines and the physio-
chemical parameters are studied. The dilution plate-count method, using media amended 
with Cr (VI) at concentrations ranging from 50 to 250 mg/l was carried out for the isolation 
of the chromium resistant bacterial strains in the PYE medium. In association with this the 
strain was also studied its tolerance to heavy metals such as Ni. 

Key Words : Hexavalent chromium, Contamination, Chromium resistant bacteria, 
Microbial remediation. 

 
INTRODUCTION 

Chromium (Cr) is one of the world’s 
most strategic, critical and highly soluble 
metal pollutant having wide range of uses in 
the metals and chemical industries. Cr is 
used principally in stainless steel and non-
iron alloy production for platting metals, 
development of pigments, leather processing 
and production of catalysts, surface 
treatments and in refractories. Chromium 
exists in the environment in several diverse 
forms such as trivalent [Cr (III)] and 
hexavalent, of which hexavalent chromium 
[Cr (VI)] is a so-called carcinogen and a 
potential soil, surface water and ground 
water contaminant. Whereas it’s reduced 
trivalent form (Cr3+) is much less toxic, 

insoluble and a vital nutrient for humans. Cr 
(III) occurs naturally in the environment and 
is an essential nutrient required by the human 
body1. Environmental pollution due to 
chromium (Cr) and its compounds is because 
of large number of industrial operations 
including mining, chrome plating, pigments, 
petroleum refining, leather tanning, wood 
preserving, textile manufacturing, pulp 
processing and electroplating2. It exists both 
in hexavalent and trivalent forms. However, 
Cr (VI) is very toxic, carcinogenic, and 
mutagenic both in humans and animals, 
whereas Cr (III) an essential micronutrient 
for many higher organisms is less toxic, 
relatively 100 times less toxic than Cr (VI), 
less soluble, and thus a lesser problem3. The 
chromium manufacturing industry produces 
a large quantity of solid and liquid waste * Author for correspondence 
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containing hexavalent chromium. The 
treatment of these wastes is essential before 
discharging them to the environment. Cr (VI) 
compounds are highly water soluble, toxic 
and carcinogenic in mammals. In contrast, 
trivalent chromium is considered to be 
nontoxic. Conventional waste management 
options for chromium include chemical 
reduction followed by alkaline precipitation 
or removal by ion exchange and adsorption. 
These methods have their own 
disadvantages. Alkali precipitation produces 
large quantities of chemical sludge, whereas 
ion exchange and adsorption are generally 
costly and less specific for the removal of Cr 
(VI) in the presence of other anions. The 
search for new and innovative technology 
has focused the attention on 
biotransformation of metals by microbes. 
The engineered use of this detoxification 
mechanism could be an attractive alternative 
for the remediation of Cr (VI) pollution. 

Many microbes have been reported to 
reduce Cr (VI) under either aerobic4,10,12  or 
anaerobic9 conditions the exceptional ability 
to adapt to and colonize the noxious metal 
polluted environments, which are 
uninhabitable by higher organisms. These 
microorganisms have developed the 
capabilities to protect themselves from heavy 
metal toxicity by various mechanisms such 
as adsorption, uptake, methylation, 

oxidation, and reduction. However, the 
availability of effective Cr (VI)-reducing 
organisms is an essential prerequisite for the 
bioreduction-based remediation of Cr (VI)-
contaminated water/soil. Hence the objective 
of this study was to isolate and identify Cr 
(VI) reducing strains from contaminated soil, 
to evaluate their potential for the 
biotransformation of Cr (VI) to Cr (III), and 
to delineate the mechanisms, while 
determining the optimum conditions for the 
maximum conversion. 

In Sukinda mines, along with Cr, approx 
0.6% (1090 mg/kg) [5] of Ni is also found in 
surface water, drinking water and soil. The 
permissible limit for Ni is 3 mg/l in surface 
water and 0.02 mg/l in drinking water6. 
Excess of Ni is carcinogenic to 
environment7,8. 

MATERIAL AND METHODS 
Soil sample : The soil samples were 

collected (0–15 cm depth) from different 
locations of the chromium deposited and 
contaminated site located at Sukinda mines, 
Jajpur, Orissa as the nature of the 
soil/deposited was not uniform through out 
the area the samples were collected from.  

The physico-chemical characteristics of 
the contaminated soil. 

 

Parameters Value 

Soil organic matter 5.2 ± 0.5% 

Cr (VI) 2 –5.9 mg/g of soil 

Total chromium 9±12 mg/g of soil 

pH 9.2–10.4 

Ni(II) 190-1090 mg/kg 

 
Nutrient media : Bacterial strains, 

resistant to Cr (VI), were isolated from the 
soil using the serial dilution technique in 

PYE medium (Peptone, Yeast extract). Agar 
supplemented with 100g Cr (VI)/ml as 
K2Cr2O7 and 0.5% (wt/vol) glucose as a 
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carbon source. The pH was maintained at 
7±0.2 by using HCl or NaOH. The isolates 
are tested for their chromate tolerance at 
different concentrations (12.5, 25, 50, 75, 
100µl/ml) of hexavalent chromium 
supplemented as K2Cr2O7. The bacteria, that 
grew in the presence of 100 mg Cr (VI)/l in 
PYE medium during two-day incubation at 
30°C, were considered as Cr (VI) resistant. 

The freshly prepared agar medium was 
amended with Ni as Ni (II) using Nickel 
sulphate at different concentrations ranging 
from 100-1000 mg/l. Cr resistant strain is 
inoculated into the media. 

Culture identification : The isolated 
bacterial cultures are identified on the basis 
of their Biochemical, morphological and 
physiological characteristics. 

 

 Characteristics Response 

1.Morphological Gram stanning  + 

Motility + 

Colony Morphology Coccus in rod shape 

Colour Creamish White 

2. Biochemical Indole Production -Ve 

Citrate utilizing  -Ve 

VP reaction -Ve 

MR reaction +Ve 

Oxidase activity -Ve 

H2S production -Ve 

Starch hydrolysis -Ve 

Catalayse activity +Ve 

3. Physiological Growth in aerobic condition +Ve 

Temperature 300C ± 2 

Growth PH 7 ± 0.2 

Growth on Mac Conkey agar -Ve 

 
Measurement of cell Growth and Cr 

(VI) reduction : The bacterial strain, are 
precultured overnight in PYE broth and the 
cell pellets were collected by centrifugation 
(6000g for 10 min at 10°C) followed by 
washing the cell pellets in phosphate buffer 
(0.1 M NaH2PO4-Na2HPO4; pH, 7.1). After 
two washes of the cells in phosphate buffer, 
the cells were resuspended in the similar 
buffer. Culture flasks (150-ml with a final 
liquid volume of 30 ml) containing minimal 

salts medium supplemented with Cr (VI) 
ranging from 5–100 mg Cr (VI)/l medium 
and 0.5% glucose were inoculated with the 
equal amounts of culture species. Media 
without Cr (VI) but inoculated with bacteria 
and uninoculated media containing Cr (VI) 
served as controls. All the cultures including 
controls (in duplicate) were incubated for 72 
h at room temperature (21°C) with shaking at 
100 rpm. Growth of the bacteria was 
monitored at specific time intervals, by 
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measuring optical density of the cultures at 
600 nm. To compute the Cr (VI) reduction 
by growing cells, a 1-ml culture from each of 
the above flasks was centrifuged (6000 rpm 
for 10 min at 10°C) and the supernatant 
analyzed for Cr (VI). 

Analytical procedures : Extraction and 
analysis of Cr (VI) and total chromium: For 
the extraction of Cr (VI) and total chromium 
from soil, an alkaline digestion method and 
nitric acid/sulfuric acid digestion method as 
per Standard Methods8 were used, 
respectively. The hexavalent chromium was 
measured colorimetrically at 540 nm by 
reaction with diphenyl carbazide in acidic 
conditions. In the case of Cr (III), potassium 
permanganate was used to oxidize Cr (III) to 
Cr (VI). Ni (II) concentration was estimated 
using dimethylglyoxime (DMG) at 366 nm 
using UV-spectrophotometer. 

Heavy metal tolerance of the cultured 
strain : The cultured species was grown in 
Ni environment in varying concentrations 
(50, 100, 150, 200, 250, 500, and 1000 mg/l) 
to evaluate their Ni tolerance. 

A Case Study on Sukinda Mines : The 
Sukinda valley, India’s largest chrome ore 
deposits ranks fourth according to 
“Blacksmith Institute Pollution Report for 
2007”. Till date intensive opencast chromite 
ore extractions have resulted in massive 
holes in the ground, deposits of waste rock 
and soil, toxic water, ruined agricultural 
fields and large tracts of degraded forest 
land. 

 “Environment Study and Preparation of 
Action Plan for Abatement of Chromium 
Pollution in Sukinda Valley”, revealed the 
presence of Cr (VI) in the range of 0.018-
0.172 mg/l in summer season and higher 
levels during the monsoon up to ‘0.201mg/l 
at village Ostapal’, which far exceeds the 
prescribed standard (0.05 mg/l). It also found 
Cr (VI) and total chromium content in the 

waste rock and soil, in the range of 12-311 
mg/kg and 3,589–14,486 mg/kg respectively. 

Study done by Orissa Voluntary Health 
Association (OVHA) in 1995, reported that 
84.75% of deaths in the mining areas and 
86.42% of deaths in nearby industrial 
villages occurred due to chromite mine-
related diseases. It concluded that residents 
of 10 villages downstream of Damasa, 
especially Borogazi, Kalrangi, Rasul, 
Kustanpur and Khusksa, all complain of skin 
irritations and TB. Gastrointestinal bleeding, 
tuberculosis and asthma are common 
ailments observed among the workers. 
Infertility, birth defects, and stillbirths have 
also been recorded. 

RESULTS AND DISCUSSION 
The soil collected from the contaminated 

site located at Sukinda mines are used for the 
isolation of Cr (VI) bio-transforming bacteria 
containing 2 –5.9 mg/g of soil and total Cr 
9±12 mg/g of soil. The result is consistent 
with the chromium values as found in the 
soil. The serial dilution technique was 
adopted for the isolation of the bacterial 
strain. The bacterial colonies that appeared 
on the PYE agar plates were isolated and 
further purified on the same media by spot 
inoculation technique. The best chromium 
tolerant strain was isolated and tested for its 
ability for bio-transforming of chromium 
from the chromium (K2Cr2O7) medium. 
Based on comparison of characters as 
described in Bergy’s Manual, the isolate was 
identified as Staphylococcus aureus. The 
characteristics show it as gram positive 
which indicates it has thicker layer of 
peptidoglycan which is a very good source of 
absorbent11. 

This strain is again inoculated in other 
heavy metals like Nickel environment to 
explore its growth characteristics. 
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We have assimilated strains to different 
concentration of two metals and observed the 
time it has taken to grow in that environment, 
which is shown in the graphical form in  
Fig. 2. From the graph it is seen that Cr(VI) 
is assimilated till 250 mg/l and it took 12 

days to grow in that environment and Ni(II) 
is assimilated till 1000 mg/l and it took 9 
days. When preliminary growth kinetics did 
at initial concentration of 100 mg/l for Cr 
(VI) it is 99% and Ni (II) it is 90% 
degradation which can be seen in the Fig 3. 

 

Fig. 2 : Time taken for Staphylococcus aureus to adapt to higher concentrations of Cr (250 mg/l) 
and Ni (1000mg/l). 

 

 

Fig. 3 : Growth kinetics of Heavy metals Cr and Ni using Staphylococcus aureus,Ci (100mg/l). 
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CONCLUSION 
The isolated microbial strain from 

contaminated soil showed good chromium 
(VI) reduction capacity. The microbe was 
able to sustain high Cr (VI) concentration in 
the order of 250 mg/l, The strain is resistant 
to Nickel concentration upto 1000 mg/l. The 
Sukinda mines trace elements of nickel is 
also found along with Chromium in the 
contaminated soil or water, and this organism 
is resistant to both metals. It can give 
effective results for water treatments. This 
strain can be used for biodegradation of 
metals from the contaminated soil or water. 
As it is gram positive which shows it has 
thicker layer of peptidoglycan which is a 
very good absorbent. This isolated organism 
is identified as Staphylococcus aureus. From 
preliminary studies it is seen that Cr (VI) is 
degraded completely in 22 hrs, gives 
permissible limits, and Ni (II) is degraded 
90% in 22 hrs with initial concentration 100 
mg/l in the sample. 
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