Our Nature (2010) 8:63-71 71

Study on Hexavalent Chromium Reduction by Chromium
Resistant Bacterial Isolates of Sukinda Mining Area

V. Mishra, D.P. Samantaray, S.K. Dash, B.B. MishraR.K. Swain

Post Graduate Department of Microbiology, DepartingnAnimal Nutrition,Orissa University of Agricule
and Technology, Bhubaneswar- 751003, Orissa, India
E-mail: dpsamantaray@yahoo.com

Received: 10.05.2010, Accepted: 17.09.2010

Abstract

Rapid industrialization coupled with explosive depenent of chemical and mining
industries has not only resulted in global detation of the environmental quality but
also has drawn attention of scientists for an é&ffeaneasure to control environmental
pollution. Sukinda in the district of Jajpur, O=skas drawn worldwide attention as one
of the most polluted area with chromium due to afate rich. In the present
experiment, attempt has made to detoxify Cr (VI) dhyomium resistant bacterial
isolates of Sukinda mining area. Random soil andewaamples were collected
aseptically from four different sites of the miniagea and physiochemical parameters of
the samples were estimated. Out of the twelve, dbtmmium resistant bacterial isolates
viz., Micrococcus luteus, Pseudomonas putida, Serratiacesgaensand Acinetobacter
calcoaceticustolerated hexavalent chromium beyond 500 ppm aelcted for
reduction. Among allAcinetobacter calcoaceticishown highest amount of hexavalent
chromium reduction of 67.14% incubated at 30°C2bhr at pH 7. TheAcinetobacter
calcoaceticuswas selected for parametric studies and observeéxkdbit highest
reduction ie., 70.53% potential at pH 8.0, tempeea 30°C/24 hr. Therefore,
Acinetobacter calcoaceticusay be use in the bioremediation of hexavalent oium
toxicity.
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Introduction

Sukinda valley of Jajpur district, the fourthmetals due to their longevity and toxicity
most polluted place in the world (Aravindhanet al., 2007). Chromium, an
(Blacksmith institute report, 2007) account®ssential micronutrient in animal physiology
97% of India's chromites ore depositsrequired for normal carbohydrate and lipid
Intensive open cast mining for the last morenetabolism (Anderson, 1989) and also a
than 70 years generated 30 million tones gfriority pollutant is well known for the
hexavalent chromium wastes polluting soilmutagenicity (Petrilli and Flora, 1977),
water, ruined agricultural fields and slowlycarcinogenicity (Gruber and Jennette, 1978)
poisoning the local flora and faunaand teratogenicity (Gale, 1978) of its
including 2.6 million human population of hexavalent form in humans, experimental
the state. The environment is sensitive to animals (IARC, 1990) and plants (Floea
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al., 1990). Cr (VI) is water-soluble, Orissa, located between 2078321°05N
bioleachable form that can intracellularlyand 85°4(E-85°53E. Representative water
reduced to Cr (V) and reacts with nucleicsamples were collected aseptically in sealed,
acids and other cell components to producsterile 500 ml containers from different
mutagenic and carcinogenic effects orsites. Soil and sediment samples were
biological systems (McLean and Beveridgecollected in sterile plastic bags from a depth
2001). Conventional chemical treatment obf 5 inch below the surface and from the
Cr (VI) generated large volume of sludgesurface respectively during the month of
dangerous gases and expensive cost of tiebruary 2008 following the methods of
chemical. Reducing agents makes i{Zobell, 1946). Samples then transported
imperative to look into safer and cheapemseptically and processed immediately in
alternatives, where the metal resistanthe laboratory for physico-chemical
(Kasan and Baecker, 1989) microbialparameters analysis.
communities are of primary importance in
bioremediation of metal contaminated site$hysico-chemical parametersanalysis
and represent a substantial proportion of thehysico-chemical parameter like
in situ biomass and metabolic diversity.temperature, pH, moisture content, total
Bioreduction of Cr (VI) occurs directly due chromium and hexavalent chromium
to microbial metabolism or indirectly by content were analyzed by using (Okatone)
bacterial metabolites (Loset al, 1994). digital thermometer, (Systronics 361) pH
Many scientists have investigated andneter, and oven drying method respectively.
demonstrated the feasibility of usingHexavalent chromium content of the water
biological processes for the treatment of Ceamples was analyzed by 1, 5-
(VI) contaminated sites and industrialDiphenylcarbazide (DPC) method (APHA,
effluents by either pure culture o0r1992) and the total chromium content was
consortium of Cr (VI) reducing bacteriaanalyzed by acid digestion followed by
(Camargoet al, 2003; Aravindharet al., (DPC) assay. The hexavalent chromium
2007; Rahmanet al, 2007). Cr (VI) content of the soil and sediment samples
reduction by locally isolated strains andwere estimated by alkaline digestion
optimization of factors involved in Cr (VI) followed by DPC assay and their total
reduction carried out by monoculture ofchromium content was analyzed by acid
isolated bacteria to investigate its efficiencydigestion followed by DPC assay (LATS,
as an efficient tool for bioremediation of2003).
chromium-contaminated sites.

Bacteriological analysis of sample
Methodology Luria Bertani broth, agar and phosphate
Sample collection buffer solution were used for microbial
Four different sitesviz,, Kalarangi mines, isolaton and hexavalent chromium
South Kaliapani mines, Kamardha mineseduction studies procured from HiMedia
and Dumsala canal were selected in thkaboratories, Mumbai. Isolation  of
Sukinda mining area of district Jajpur,Chromium resistant bacteria was done by
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enrichment culture technique, usingEstimation pH tolerance of bacterial
Potassium dichromate as hexavalentolates
chromium supplement in Luria BertaniThe pH tolerance test was conducted to
broth ,samples were inoculated into thestudy the cardinal pH of the chromium
broth, incubated at 30°C overnight and wereesistant bacteria. Five milliliter of the
streaked onto Luria Bertani agar (LA) platesmedium was taken in different test tubes
which were further incubated for 24 hr. Theand the pH was adjusted from 3-12 with
pure cultures of isolated strains werenelp of IN HCL, 1N NaOH. 100ul of the
preserved in LA slants in vials underovernight culture (LB) was dispensed in to
refrigerated (4°C) conditions and coded athe test tubes and incubated at 30°C for 24
CRB1 to CRB12 for further uses. Thehr. A loopful of overnight culture was sub-
Gram-negative isolates were identified bycultured on to LA plates and all the plates
standard biochemical tests (Collins andvere incubated at 30°C for 24 hr. Then the
Lyne, 1970; Hansen and Sorheim, 1991) asardinal pH was determined from the
per the requirements of bacterialobservation.
identification software PIBWin (Byrant,
2004) and Bergey's manual of Aerobic hexavalent chromium reduction
determinative bacteriology. Gram-positiveby chromium resistant bacteria
isolates were identified by Api Staph stripg=or preliminary reduction study, selected
(Biomeriux, France). bacterial isolates were inoculated into LB
with 100 ppm of Cr (VI) and incubated at
Estimation of heavy metal tolerance of 30°C for 24 hr/100 rpm with incubator
bacterial isolates shaker (STM-225-IS). Sampling was done
For estimation of chromium toleranceafter 24 hr and cells were collected after
molten LA medium was supplemented withcentrifugation (Remi Compufuge) at 10,000
Cr (V1) with final concentration ranging rpm for 10 minutes. Then supernatant was
from 100-1100 mg/l by using filter (0.22 analyzed for residual chromium by 1, 5-
pm) sterilized KCr,O; solution. The Diphenyl carbazide method by measuring
isolates were streaked onto the LA plateabsorbance at 540 nm using a
and incubated at 30°C for 48 hr and thepectrophotometer (Systronics 104).
resistance pattern or minimum inhibitorySimilarly in order to observe chromium
concentration (MIC) was noted down. Ofreduction in a non-nutritive medium like
these, four isolates were selected for furthd?hosphate buffer solution the collected cells
reduction studies basing on their chromiumwvere washed twice with PBS and
tolerance. Similarly metal tolerance studyesuspended in 50 ml of PBS with 100 ppm
was also carried by varying theof Cr (VI) and reduction was observed
concentration (100-1000 ppm) of eachollowing DPC method at hourly intervals
h?vy metals like FECUY, Ni**,Hg?"and up to 6 hr and finally after 24 hr.
Co™".
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Optimization of pH and temperature on Serratia marcescens, Acenetobacter
chromium reduction calcoaciticus, Acinetobacter Iwoffiiand
The influences of pH and temperature omMoraxella urethralis. The Gram-Positive
chromium reduction were assessed with LBsolates  were mostly  cocci viz,
medium and culture condition describedStaphylococcus xylosus, Staphylococcus
earlier for chromium reduction. For thecohniicohnii, Micrococcus luteu¥ocuria
effect of pH, autoclaved culture mediumvarians and Bacillus sp.

was adjusted to pH 7 and 8 with HCL or

NaOH and incubated at 30°C. SimilarlyEstimation of heavy metal tolerance of
keeping the optimum pH constant forchromium resistant bacteria

reduction, temperature was variedz, Out of all the bacterial isolates, four isolates
20°C, 30°C and 37°C and optimumi.e.,M. luteus(CRB6),P. putida(CRBS8),S.
temperature was observed for chromiunmarcescengCRB9) andA. calcoaceticus

reduction. (CRB10) could tolerate Cr (VI) chromium
up to 500, 600, 900 and 1000 ppm

Results respectively. Similar results have been

Physico-chemical parametersanalysis found by most of the researcher (Srinath

The results of physico-chemical parameteal., 2001; Camarget al.,2003; Rahmaret
analysis of ten different samples areal., 2007) while working on Cr (VI)
presented in table 1. The average hexavalealhhromium reduction by different bacterial
chromium content of the water, soil andisolates. Natural habitats are generally
sediments samples were 0.689 ppm, 3€haracterized by the co-existence of a large
mg/kg, 46.74 mg/kg respectively, but thenumber of toxic and non-toxic cations and
chromium content of the water samples fatherefore, it is necessary to study multiple
exceeds the prescribed EPA standards i.enetal effects on the physiology and
0.05 ppm. Presence of such high levels dfiochemistry of microorganisms (Verma
hexavalent chromium in the water can band Singh, 1995)A. calcoaceticushowed
attributed to careless discharge of untreatea broad range of tolerance to heavy metals
wastewater from mines, rainwater runnindike F&*, Cu#*, Ni#*, Hg* and CS" up to

off the overburden and dumps collapsingoncentration of 1000, 900, 1000, 100 and
and mixing with water in the river, which is 300 ppm respectively. Apart from all the
co-related with the research report of Blacknetals, the highest tolerance was observed

Smith institute (2007). towards F& and Nf*. These observations
assume great significance because effluents
Bacteriological analysis of sample from any metal related to industry have

Twelve bacteria were isolated of which 7several metal ions or contaminants.
were Gram positve and 5 were gramTolerance to other metals has an added
negative. The Gram-negative isolates weradvantage of withstanding the presence of
Pseudomonas  cepacia, Pseudomonasther metal ions while performing the

putida, Pseudomonas pseudomallei, desired activity.

66



V. Mishra, D.P. Samantaray, S.K. Dash, B.B. Misdmd R.K. Swain / Our Nature (2010) 8: 63-71

Estimation of pH tolerance of chromium region of the organism suggested deposition
resistant bacteria of Cr (VI) in the cells. Optimum
The pH tolerance profile reveals that thdemperature and pH for Cr (VI) reduction
optimum pH for most of the isolates rangehas been reported to be 30°C and 7-7.8 by
7-9. All isolates exceptP. putida could Losi et al. (1994) and Camargeet al.
tolerate a pH range of 4-12. Alkaline pH(2003), 30°C being the normal
favours the growth of most of the isolatesenvironmental temperature and pH 7 being
than acidic pH. This result corresponds tdhe optimum pH for growth, these
that of Camarget al. (2003), who observed conditions were selected for the preliminary
that isolates more tolerant to Cr (VI) grewreduction studies.
better at pH 7-9. This might be a result of However, the results of the hourly
adaptation of the isolates to the naturahexavalent chromium reduction by the
habitat, which was mostly alkaline. selected bacterial isolates in PBS (Fig. 2)
indicates that rate of reduction is directly
Aerobic hexavalent chromium reduction proportional to time. Acinetobacter
by chromium resistant bacteria calcoaceticugeduced 20-28.5% of Cr (VI)
Hexavalent chromium reduction iswithin 3 hr, after that the rate was almost
dependent upon pH, temperature and Qonstant i.e., ranged 34.03 to 38%. This
(VI) concentration. The twenty-four hoursdifference in trend of reduction in a non-
hexavalent chromium reduction result (Fignutritve medium (PBS) may be due to
1) in a nutritive media (LB) reveals that outdecrease in physiological and metabolic
of all the four isolatesA. calcoaceticus activities of the isolates (Lost al., 1994;
reduced Cr (VI) by 67.14% at 30°C/24Camargoet al., 2003) and viability after
hr/pH 7. Percentage of hexavalensome time and possible inhibition of
chromium reduction by isolatesS. biomass activity by prolonged chromate
marcescens M. luteus P. putida were toxicity in a non-nutritive medium. This
65.02, 53.14 and 50.72% respectively. Signstudy indicates that the rate hexavalent
of chromate reduction like change in colorchromium reduction is higher in nutritive
of medium from yellow to greenish alongmedium (LB) than in non-nutritive medium.
with production of off-white residues wereTherefore, optimizaton of pH and
observed, the results were in accordandemperature for hexavalent chromium
with Faisal and Shahida (2004) andeduction has been conducted in a nutritive
Aravindhan et al. (2007). An interesting medium.
result was obtained by Zakama al. (2007)
that Acinetobacter haemolyticugduces Cr Optimization of pH and temperature on
(V1) upto 100 mg/l but the rate of reductionchromium reduction
was increased with Cr (VI) concentrationlt has been observed from the chromium
i.e., upto30 mg/l. TEM studies showed thateduction profile of all the four selected
higher Cr (VI) concentration affects thebacterial isolatesA. calcoaceticugeduced
shape and size of bacteria. The presence lighest quantity of Cr (VI) in LB medium
electron dense particles in the cytoplasmiend selected for parametric study. It could
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Table 1.Physico-chemical parameters of the mines sample.
SN Sampling  Type of Temp. Moisture Total Cr Cr (VI

pH

Sites sample (°C) (%) content content
. Water 8.01 24 - 0.277mg/I 0.192mg/I
1. rl;:;trllaersangl Soil 7.67 ND 2.59 5480mg/kg  66mg/kg
Sediment 6.82 ND 27.2 5950mg/kg  7.35mg/kg
2 Dumsala  Water 8.00 24 - 0.294mg/I 0.238mg/I
© canal Sediment 7.62 ND 31.56 3900mg/I 66mg/kg
South Water 7.62 25 - 3.515mg/I 2.036mg/l
3. kaliapani  Soil 9.49 ND 12,5 3000mg/I 12mg/kg
mines Slurry 6.60 ND 34.22 7800mg/I 34mg/kg
4 Kamardha Water 7.75 25 - 0.387mg/I 0.292mg/I
" Mines Sediment 7.08 ND 36.6 4900mg/kg  119mg/kg
g 3
_ SRR ek
g @ ow
o B CRB6
c / /
i 4 = CRBS
§ 40 7
Eny/ / nam
R ( MCRB 10
24th
Time(hour)

Figure 1. Hexavalent chromium reduction (24 hr) of bactesalates in LB.
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Figure 2. Hexavalent chromium reduction (24 hr) of bactasalates in PBS.
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reduce 70.53% of hexavalent chromiumncubation at higher temperature
optimally at pH 8, in LB within 24 hr (Fig. (Aravindhanet al.,2007). Losiet al. (1994)
3). For most of the isolates, optimum pH forand Camarget al. (2003) who reported an
growth correlates with highest rate ofoptimum temperature of 30 to 37°C for
hexavalent chromium reduction (Camargachromate reduction also obtained similar
et al., 2003). The relationship between pHresults.

and Cr (VI) reduction was not surprising

because chromate is the dominan

chromium species in aqueous environmen - 70.53

at pH 6.5-9 (McLean and Beveridge, 2001).| € 75 — -~ 6788 _o_c

Optimum pH for growth of Cr (VI) resistant | 8 /0 = - 62.1 =30°C

bacteria was reported at 7-7.8, but %%28 B .

hexavalent chromium forms are soluble| € “&s5 - ~7 m20°C

over a wide pH range and generally mobile 2 24

in  soil-water systems (Losi and Tim#&ffibun

Frankenberger, 1994)_ _Figure 4, Hexav_alent chrqmium reduction (24 hr) by
isolate CRB 10 in LB at different temperatures.
Conclusion

7053 The experimental observations indicate that

the locally isolated strains show high Cr
EpH7 (V1) tolerance and demonstrate good metal
BpHS remoyal capability_. The advantages of
1. P selecting the indigenous bacteria from
u v chromite mines of Sukinda for bioremedial
24&?' purpose may be the minimization of
ime(hour) A
N | " g 22t b inhibitory effects from other components
Figure 3. Hexavalent chromium reduction (24 hr) by ; i
isolate CRB 10 in LB at different pH. that may be p.res_ent along with Qhr_ommm,
since viable indigenous bacterial isolates
will have developed some degree of
profle was monitored at different resistance to these components. It might be

temperatures ranging from 20-37°C in I_Bpractical to use Cr (VI) reducing bacteria to

for 24 hr keeping constant the optimum IOHeduce other waste metals simultaneously,
é/vhich shows a positive sign for application

observed (Fig. 4 at optimum temperature of 5 (L BEEEE SRS o
30°C and percentage of reduction decreasé?? . . .
chromium from industrial effluents and

with increase in temperature. This is . . :
(éhromlum contaminated sites. However,

possibly because of decreased enzy " : .
activity with increase in temperature. Th;goafore explo!tlng the strain as an efﬂgent
biotechnological tool for chromium

could be due to loss of viabilty or detoxification further investigation needs to
metabolic activity of the cells on prolonged . u 9 o
be carried out in laboratory scale and in-situ
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metal reduction potential of the Genus habaisal, M. and H. Shahida 2004. Microbial conversio
of Cr (VI) in to Cr (lll) in industrial effluents.
to be assessed. Afr. J. Biotechnol3(11): 610-617.
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