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Abstract 

Studies have revealed that East Calcutta Wetlands harbor a variety of microbial population possessing diverse 

genetic characters with versatile enzymatic and metabolic activities. They carry out bioremediation of different 

toxins, pollutants, heavy metals etc. Due to the discharge of improperly treated effluents from tanneries and other 

industries in and around Calcutta City, carcinogenic chromium (Cr6+) contamination of both surface water and 

ground water has been reported in the East Calcutta Wetland area. A few examples in microbial diversity in this 

area include Rhodococcus sp., Bacillus sp., Pseudomonus sp., Azotobacter sp., Aeromonas sp. etc. The primary 

objective of this study was to isolate and identify a potent chromate-reducing bacterial strain. Cr6+ analysis was 

done and the bacterial population was enumerated by analyzing soil samples from different locations. The 

majority of the chromate-resistant bacteria isolates from the tannery effluents enriched soil showed a minimum 

inhibitory concentration (MIC) of Cr6+ ranging from 50 to 750 mg l-1. About 39.47% of the total 38 isolates of 

bacterial strains were able to grow at 200 mg l-1 Cr6+. The potent Cr6+-resistant isolates showed a very high 

tolerance level to 750 mg l-1 and were able to show 100% Cr6+ reduction up to 200 mg l-1 within 48 h. The present 

study conclusively demonstrates the ability of native microbial population present in tannery effluent to reduce 

Cr6+ compounds. Furthermore, all the isolates have shown great potential for bioremediation of Cr6+-containing 

wastes. It is also reported that plant roots release some inorganic and organic compounds which aid the microbial 

community in the bioremediation of heavy metal pollutants in the soil. This approach permits the selection of 

bacterial strains which could be used for specific environmental cleanup operations. 
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Introduction 

Hexavalent Chromium [Cr (VI)], in the form of 

chromate (CrO42-) or dichromate (Cr2O7
2-) species, is 

a serious anthropogenic pollutant found in the 

discharged effluent from various industries and one 

the several risk driving contaminants found at 

unacceptable levels in ground water as well as in soil 

and sediments. 

 

Chromium, the seventh most abundant element on 

earth, occurs in oxidation states ranging from Cr(II) 

to Cr(VI). The most chemically stable and common 

forms of chromium in the environment are the 

trivalent Cr (III) and hexavalent Cr (VI) species which 

differ significantly in their physicochemical properties 

and biological responsiveness (i.e. toxicity). Cr (VI) is 

a highly soluble and toxic non essential metal for 

most organisms with chronic chromate exposure 

leading to mutagenesis and carcinogenesis, whereas 

Cr (III) is sparingly soluble, relatively innocuous and 

essential micronutrient for mankind (Katz, S A et 

al.,1993; Carventes, C,et al., 2001 etc). 

 

Bioreduction of Cr(VI) can occur directly as a result of 

microbial metabolism (enzymatic) or indirectly, 

mediated by a bacterial metabolite (such as H2S) (Losi 

et al., 1994a). A number of chromium-resistant 

microorganisms have been reported, including 

Pseudomonas spp. (Alvarez et al., 1999; 

Microbacterium (Pattanapipitpaisal et al., 2001), 

Desulfovibrio, Enterobacter spp. (Wang et al., 1990; 

Clark, 1994), Escherichia coli (Shen and Wang, 1993), 

Shewanella alga , Bacillus spp. (Campos et al., 1995), 

and several other bacterial isolates (Basu et al., 1997; 

Losi and Frankenberger, 1994). However, most of 

them have been isolated from tannery sludge, 

industrial sewage, evaporation ponds, or discharge 

water, or were purchased from culture collections. 

Environmental clean up strategies for Cr(VI) removal 

involve physicochemical or biological detoxification. 

Major limitations of physicochemical process are the 

high energy inputs, different chemical treatments and 

generation of unnecessary sludge, reactive chemical 

species as secondary waste (Katiyar and Katiyar, 

1997) etc. As an alternative, biological detoxification 

of Cr(VI) is reported to be more eco-friendly, capable 

of offering high potential for removal of Cr(VI) 

(Carventes, C et al, 2001; Camargo, F.A.O. et al, 

2004; Kamaludeen, S.P et al, 2003). Bioreduction 

and biosorption of Cr(VI) using bacterial, fungal, 

yeast or plant biomass are among the most economic 

and eco-friendly strategies currently employed for 

removal of Cr(VI) by biological means (Quintelas, C et 

al,2006; Sierra-Alvarez, R 2007; Oliveira, E A et al, 

2005;Ramirez – Ramirez, R et al, 2004).  

 

In the perspective of the available research 

information, it has been felt that, proper isolation and 

characterization of Cr(VI) resistant bacteria from soil 

and understanding of the mechanism of chromium 

reduction process by bacterial isolates are of immense 

importance which is supposed to be supplemented by 

in-depth study on different physicochemical 

conditions influencing chromium reduction by 

bacterial isolates. It is also necessary to identify the 

mechanism behind the resistance and isolate and 

characterize enzymes and plasmid for reduction of 

hexavalent chromium. These findings can be 

implemented to find out the exact cause responsible 

for chromium reduction which in turn can be used in 

efficient biological treatment of tannery effluent. 

The objective of this study was to isolate and 

characterize the culturable microbial community and 

further to evaluate the Cr(VI) resistance and 

hexavalent chromium reducing ability by highly 

tolerant strains, which can be used for biological 

treatment of chromium contaminated sludge.  

 

Materials and methods 

Site description 

The East Calcutta Wetlands (lat. 22°33'–22°40'N; 

long.88°25'–88°35'E) used to receive untreated 

wastewater from at least 6000 different industrial 

units, including tanneries and premises dealing with 

rubber, electroplating, batteries, etc. and municipal 

sewage from Calcutta city. This complex wastewater 

http://jeq.scijournals.org/cgi/content/full/32/4/1228#BIB15
http://jeq.scijournals.org/cgi/content/full/32/4/1228#BIB15
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http://jeq.scijournals.org/cgi/content/full/32/4/1228#BIB22
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flows down through a web of canals into the wetland. 

The sampling site  was selected on bank of such canal 

carrying wastewater.  

 

Collection of samples 

Soil sample was collected from three different points 

of a canal at East Calcutta Wetlands Area, carrying 

effluent discharge of tannery agglomerate in Calcutta, 

West Bengal. Bank soil samples collected in sterilized 

glass container were brought to the laboratory for 

microbial and chemical analysis in refrigerated 

condition. 

 

Isolation of Chrome resistant bacteria 

Soil suspensions were made with autoclaved distilled 

water. For the isolation and enumeration of the 

bacteria samples were serially diluted (dilution factor 

being10 -1, 10-2 and 10-3 respectively) and plated first 

on LB-Agar (pH 7.0). Plates were incubated at 

37ºCfor 24 hrs. Colonies obtained were picked and 

purified by many rounds of re striking on LB agar 

plates amended with 100 mg/L K2Cr2O7. From this 

preliminary screening strains showing resistance to 

chromium were selected for further studies. Slants 

were prepared from these isolates and stored at 4ºC. 

 

MIC Assay for Chromium Resistance Strains 

Minimum Inhibitory Concentration (MIC) for 

hexavalent chromium was determined in LB medium 

containing different concentration of Cr (VI) i.e. 0, 

50, 100,150, 200, 250, 300, 350, 400, 450, 500, 550, 

600, 650, 700, 750, 800, 850, 900, 950 and 1000 

mg/L as K2Cr2O7. 5 ml of Lb medium was inoculated 

with 500 µl of a fresh overnight culture in LB 

medium. Tubes without metal were used as control. 

All tubes were incubated with shaking at 37ºC and 

150 rpm. The growth of bacteria was monitored by 

turbidity (UV-VIS Spectrophotometer, Perkin 

Elmer).The lowest concentration of metal that 

completely preventing growth was determined as 

MIC. 

 

 

 

Determination of Cr(VI) reduction ability 

The chromate reduction capability of isolate was 

determined under aerobic condition in LB medium 

amended with 200 mg/L Cr (VI) as K2Cr2O7. Broth 

medium was inoculated with 500µl of overnight 

culture. Tubes were incubated with shaking at 37ºC 

and 150 rpm. Chromate reduction was measured at 

different time intervals. Cells were removed by 

centrifugation at 10,000 rpm and residual Cr (VI) in 

the supernatant was estimated.Cr (VI) was 

determined spectrophotometrically (Perkin Elmer) by 

1, 5-diphenyl carbazide method. The Cr (VI) content 

in supernatant was estimated by adding 0.2ml 

orthophosphoric acid and 0.2 ml of acetone solution 

of 1, 5- diphenyl carbazide. The absorbance was 

measured at 540nm. (APHA, 1995). 

 

Results and discussion 

pH of the sample varied from 7.0 to 7.9. The total 

chromium concentration in soil sample was 36211 

mg/kg (following Issac and Kerber, 1971). The total 

number of microorganisms in the soil samples 

showing Cr resistance was 38. 8 isolates were grown 

in 72 hrs, 5 isolates took 96 hrs and rests were grown 

in 24 hrs. Few bacterial growths on solid medium 

were higher than those in liquid medium. This may be 

due to the condition of diffusion. Complexation and 

availability of metals in liquid medium were different 

from those observed in solid medium. This 

observation is in agreement with Mergeay et al ,1995.  

MIC was done for all 38 isolates. Table 1 lists the MIC 

of 38 Cr resistant isolates. 

 

MICs of 15 isolates ranged above 200 mg L-1 as 

K2Cr2O7. PEc 33 showed maximum MIC out of these 

38 isolates i.e. 750 mg L-1 as K2Cr2O7and it was 

selected for further studies to determine the Cr(VI) 

reduction ability. Chromate reduction of PEc33 was 

monitored in LB broth with a Cr (VI) concentration of 

200 mg/L as K2Cr2O7 which was found to be reduced 

up to 12.76% after 6 hrs, 52.6% after 12 hrs and 100 % 

after 24 hrs. The reduction in our result suggests that 

PEc33 has the ability to reduce Cr (VI) under aerobic 

conditions. This study demonstrated that there are 
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several bacteria which has strong potential for 

removal of chromium from tannery effluent and could 

be ideal for developing a sustainable green  

technology, possibly in a cost effective manner. 

 

Although strains showed MICs more than 200 mg L-1 

as K2Cr2O7 need to be identified biochemically.Future 

study will include the mechanism of Cr resistance of 

PEc 33 and optimization of conditions, which would 

allow a more efficient removal of Cr from industrial 

waste water by using these stains. 

 

 

Fig. 1. Reduction of Cr (VI) with Time in LB broth in 

presence of PEc33. 

Table 1. Minimum Inhibitory Concentration (MIC) of Cr to bacterial isolated from chromium contaminated soils 

from a cannal in East Calcutta Wetland carrying effluent from tanneries in Kolkata, West Bengal. 

Strain Name  As K2Cr2O7 (mg.L-1) Strain Name As K2Cr2O7 (mg.L-1) 

PEc 1  100 PEc47 50 

PEc2 150 PEc49 100 

PEc5 150 PEc51 200 

PEc6 150 PEc53 150 

PEc8 200 PEc57 200 

PEc10 100 PEc58 100 

PEc11 100 PEc60 100 

PEc12 200 PEc61 150 

PEc13 200 PEc62 150 

PEc16 200 PEc64 150 

PEc23 100 PEc69 150 

PEc 24 200 PEc72 300 

PEc29 200 PEc78 200 

PEc32 300 PEc81 150 

PEc33 750 PEc85 100 

PEc34 250 PEc87 50 

PEc35 150 PEc88 100 

PEc36 150 PEc90 250 

PEc38 200 PEc91 150 

 



J. Bio. & Env. Sci. 2014 

 

237 | Sen et al 

 

Acknowledgement 

Authors thankfully acknowledge Dr. A. Deb Sarkar, 

Reader, Civil Engg Department, Jadavpur University, 

for his valuable suggestions and assistance whenever 

needed. 

 

References 

Katz  SA,  Salem H.  (1993). "The toxicology of 

chromium with respect to its chemical speciation: a 

review." Journal of Applied Toxicology 13(3), 217-24.  

 

Carventes C, Campose Gracia J, Devars S, 

Guierrez-Corona F, Loza-Tavera H, Torres-

Guzman JC, Moreno-Sanchez R. 2001. 

Interactions of chromium with microorganisms and 

plants. FEMS Microbiology Reviews 25, 335-347.      

 

Camargo FAO, Bento FM, Okeke BC, 

Frankenberger WT. (2003)a. Chromate reduction 

by chromium –resistant bacteria isolated from soils 

contaminated with dichromate. Journal of 

Environmental Quality 32, 1228-1233.                          

 

Kamaludeen SP, Arunkumar KR, 

Avudainayagam S, Ramasamy K. 2003. 

Bioremediation of chromium contaminated 

environments., Indian of Journal Experimental 

Biology 41, 972-985.                                                     

 

Losi ME, Amrein C, Frankenberger WT. 1994a. 

Environmental biochemistry of chromium, Reviews 

of Environmental Contamination and Toxicology 36, 

91-121. 

 

Alvarez  AH, Moreno-Sanchez R, Cervantes C. 

1999. Chromate efflux by means of ChrA chromate 

resistance protein from Pseudomonas aeruginosa. 

Journal of  Bacteriology 181, 7398-7400. 

 

Pattanapipitpaisal P, Brown NL, Macaskie LE. 

2001. Chromate reduction and 16SrRNA 

identification of bacteria isolated from a Cr(VI)-

contaminated site, Applied  Microbiology and 

Biotechnology 57, 257-261. 

 

Wang P, Mori T. 1990. Membrane –associated 

chromate reductase activity from Enterobacter 

cloacae, Journal of  Bacteriology 172, 1670-1672. 

 

Clark DP. 1994. Chromate reductase activity of 

Enterobactor aero- genes is induced by nitrite. FEMS 

Microbiology Letter 122, 233-237.  

 

Shen H, Wang YT. 1994. Biological reduction of 

chromium by E. coli. Journal of  Environmental 

Engineering 120, 560-560. 

 

Campos J, Martinez-Pacheco M, Cervantes  C. 

1995.  Hexavalent Chromium reduction by a 

chromate resistant Bacillus sp. Strain, Antonie Von . 

Leeuwenhoek 68, 203-208. 

 

Basu M, Bhattacharyya S, Paul AK. 1997, 

Isolation and characterization of chromium resistant 

bacteria from tannery effluent. Bulletin of  

Environmental Contamination and Toxicology 58,  

535-542.                                                                               

 

APHA. 1995. Standars methods for the examination 

of water and waste water , nineteenth ed. American     

Public Health Association, Washington, DC.                

 

Isaac  RA, Kerber JD. 1971. Atomic absorption 

Biochemistry and flame photometry: techniques and 

uses in soils, plant, and water analysis. In 

Instrumental Methods for Analysis of Soils and Plant 

Tissue (ed. L.M. Walsh), 17-37 p. Soil Science Society 

of America, Madison, Wisconsin.                                    

 

Mergeay M. 1995. Heavy metal resistances in 

microbial ecosystems . In: Akkermans ADL, van Elsas 

JD, de Bruijin FJ(eds) Molecular microbial ecology 

manual, Dordrecht: Kluwer Academic Publishers, p 

6.1.7/1- 6.1.7/17.                                                                   

 

http://jeq.scijournals.org/cgi/content/full/32/4/1228#BIB15
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CCoQFjAA&url=http%3A%2F%2Fwww.springer.com%2Fseries%2F398&ei=5ckIU4b4Lca6lQX1zoCIBg&usg=AFQjCNEdOdwLxpUM_vIq6zQlUDoABn28tw&sig2=AH0AJMQicA30rnUAhnF7Ug
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CCoQFjAA&url=http%3A%2F%2Fwww.springer.com%2Fseries%2F398&ei=5ckIU4b4Lca6lQX1zoCIBg&usg=AFQjCNEdOdwLxpUM_vIq6zQlUDoABn28tw&sig2=AH0AJMQicA30rnUAhnF7Ug
http://jeq.scijournals.org/cgi/content/full/32/4/1228#BIB2
http://jeq.scijournals.org/cgi/content/full/32/4/1228#BIB2
http://jeq.scijournals.org/cgi/content/full/32/4/1228#BIB22
http://jeq.scijournals.org/cgi/content/full/32/4/1228#BIB22
http://jeq.scijournals.org/cgi/content/full/32/4/1228#BIB8
http://jeq.scijournals.org/cgi/content/full/32/4/1228#BIB7
http://jeq.scijournals.org/cgi/content/full/32/4/1228#BIB7
http://jeq.scijournals.org/cgi/content/full/32/4/1228#BIB7
http://jeq.scijournals.org/cgi/content/full/32/4/1228#BIB7
http://jeq.scijournals.org/cgi/content/full/32/4/1228#BIB7
http://jeq.scijournals.org/cgi/content/full/32/4/1228#BIB5


J. Bio. & Env. Sci. 2014 

 

238 | Sen et al 

Katiyar SK, Katiyar R. (1997). Microbes in control 

of heavy metal pollution. Advance Microbiology    

Biotechnology 19, 330-344.                                           

 

Carvantes C, Campos-Garcia J, Devars S, 

Gutierrez-Corona F, Loza-Tavera H, Torres-

Guzman JC, Moreno-Sanchez R. 2001. 

Interactions of chromium with microorganisms and  

plants. FEMS Microbiology Review 25, 335–347        

 

Camargo FAO, Bento FM, Okeke BC, 

Frankenberger WT. 2003a. Chromate reduction 

by chromium-resistant bacteria isolated from soils 

contaminated with dichromate. Journal of  

Environmental  Quality 32, 1228–1233. 

Kamaludeen SP, Arunkumar KR, 

Avudainayagam S, Ramasamy K. 2003. 

Bioremediation of chromium contaminated 

environments, Indian Journal of  Experimental 

Biology 41, 972–985. 

 

Quintelas C, Sousa E, Silva F. 2006, Competitive 

biosorption of ortho-cresol, phenol, chlorophenol and 

chromium (VI) from aqueous solution by a bacterial 

biofilm supported on granular activated carbon, 

Process Biochemistry 41, 2087–2091. 

 

Sierra-Alvarez R. 2007. Fungal bioleaching of 

metals in preservative-treated wood,Process 

Biochemistry 42, 798–804. 

 

Oliveira EA, Montanher SF, Andrade AD. 

2005. Equilibrium studies for the sorption of 

chromium and nickel from aqueous solutions using 

raw rice bran, Process Biochemistry40, 3485–3490. 

 

Ramırez-Ramırez R, Calvo-Mendez C, Avila-

Rodrıguez M. 2004. Cr (VI) reduction in a 

chromate-resistant strain of Candida maltosa 

isolated from the leather industry, Antonie Von . 

Leeuwenhoek 85, 63–68. 

 

 


