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Abstract: Heavy metal pollution has become one of the major environmental problem at present. Toxic effects of 

metals and their accumulation throughout the food chain can lead to serious ecological and health problems. The 

present study aimed at removal of Co, Ni and Cr by bacterial consortia isolated from industrial soil sample. The 

effect of pH and temperature on metal removal was also studied. The constructed consortia have high efficacy for 

metal removal. The bacterial consortia show maximum sorption for Co at pH 8 and for Ni at pH-5 whereas for Cr it 

is pH- 9 about 91.76%, 73.51% and 93.36% respectively. Also the maximum absorption was shown for Co, Ni and for 

Cr at 60°C about 93.5%, 88.95% and 90.15% respectively. This study gives us insight in to the inherent potential of 

the Consortia to remove toxic heavy metals. 
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I. INTRODUCTION 

 

Effluent released from various industries contain large amount of hazardeous chemicals including toxic heavy 

metals. Environmental pollution is correlated with the degree of industrialization and the intensity of chemical 

usage. Metal contaminated environments pose serious threat to human health and ecosystems. Various industries 

like mining operation, refining ores, sludge disposal, fly ash from incinerators, the processing of radioactive 

materials, metal plating or the manufacture of electrical equipment, paints, alloys, batteries, pesticides or 

preservatives have resulted in the accumulation of heavy metals in the environment. 

 

Heavy metals are major threat due to their ability to form compound that are mutagenic as well as carcinogenic 

to some extent also they have long term persistence into the environment. The heavy metals of wide spread 

concern to human health hazard include Lead, Chromium, Nickel, Zinc, Cadmium, Mercury, Selenium, 

Uranium, Gold, Silver, Copper, etc (Abdel-Ghani et al. 2014). Some metals are essential micro-nutrient for most 

living organisms as their role in metallo-enzymes. However, when the concentrations of beneficial metals in the 

environment are excessively high become toxic to these microorganisms and human. Therefore, growing 

attention is being paid to remove heavy metals from industrial waste water to protect the environment and 

human health(Das et. al.2008). 

Several physico-chemical methods like chemical precipitation, electro dialysis, ion-exchange, ultra-filtration, 

reverse osmosis etc. are commonly employed for stripping toxic heavy metals from waste waters (Swiatek et al., 

2014). These methods have several disadvantages, such as incomplete metal removal, limited tolerance to pH 

change, expensive equipment and monitoring system requirements, high reagent or energy requirements and 

generation of toxic sludge or other waste products that require disposal (Das et al.2008). 

The search for new technologies involving the removal of toxic metals from wastewater has directed attention to 

biosorption. Biosorption can be defined as selective sequestering of metal soluble species the result in 

immobilization of the metals by microbial cells (Kumar et al., 2010). Biosorption is a process with some unique 

characteristics. It can effectively sequester dissolved metals from very dilute complex solutions with high 

efficiency. This makes biosorption an ideal candidate for the treatment of high volume low concentration 

complex waste-waters (Volesky,2001).  

 

It is well known that certain species of bacteria, fungi can effectively remove metals in pure cultures, but 

multispecies consortia can better withstand extreme conditions often encountered with industrial waste like pH 

or high metal concentration (Rachitra et al, 2013). They provide a microenvironment, which could be very 

beneficial for metal precipitation. The positive interaction between constituent species may also facilitate the 

survival of sensitive strains. In view of these facts, the applicability of consortia in bioremediation processes, 
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offer promising solution for combating heavy-metal pollution in the environment (Migahed, F et al. 2017, 

Singh, K. K. et al. 2017). 

 

II. MATERIAL AND METHODOLOGY 

 

A. Bacteria and Media: 

Bacterial species were isolated from soil sample collected from industrial soil sample. Cells 

were cultured in nutrient broth: beef extract 3.0g/L, peptone 10.0g/L, sodium chloride 5.0g/L and final 

pH adjusted to 7.4-7.6. Strain was maintained by subculturing on nutrient agar. The cultures were stored 

at 4⁰C between transfers and subcultured before experimental use. Microscopic and biochemical tests 

were applied to these isolates according to Bergy’s Manual of Systematic Bacteriology to determine the 

genus to which the isolates belong. The bacterial species were further identified by 16S rRNA 

sequencing. 

B. Metal Solution: 

Heavy metals used in the study were Cobalt (II), Nickel (II) and Chromium (IV) in the form of their 

respective metal solution. A synthetic liquid media (1% Tryptone, 0.5% Yeast extract and 0.5% NaCl) 

containing 100ppm of each Co, Ni and Cr ions was prepared from their respective Cobalt chloride 

(CoCl2∙6H2O), Nickel chloride (NiCl2∙6H2O)
 
and Potassium dichromate (K2Cr2O7). Stock solutions were 

prepared using deionised water. Prior to addition, the stock solution of metals and liquid media were 

autoclaved separately at 121⁰C for 20min. All the additions were performed aseptically (Samarth, et. al, 

2012). 

 

C. Construction of bacterial consortia: 

 The five different isolates that demonstrated good growth were chosen to construct consortia 

of heavy metal degraders. Mixed cultures were prepared by adding equal amounts of individual cultures. 

Biomass was harvested from the medium by centrifugation at 9000 rpm for 10 min. The supernatant was 

discarded and the cells were re-suspended in distilled water for washing and again centrifuged as above to 

make sure that no media remain on the cell surface. This biomass was used for sorption studies.  

 

D. Effect of pH on Biosorption: 

Experiments of heavy metals biosorption were carried out in the batch mode in the Erlenmeyer 

flasks containing 50 ml of synthetic multi-element solution (100ppm of each metal). Prior to addition of 

biosorbent inoculum to the solution the samples were adjusted to different pH viz. pH 5, 6, 7, 8 and 9 using 

1M HCl and 1M NaOH solutions. Samples were inoculated with overnight grown culture of bacterial 

consortiaand incubated at 120 rpm for 48hrs at 60°C for Co, Ni and Cr ions. After incubation period the cells 

were harvested by centrifugation for 30 min at 5000 rpm. The residual metal concentration was measured by 

Atomic Adsorption Spectrophotometer (AAS). 

 

E. Effect of Temperature on Biosorption:   

A set of samples were prepared for Co, Ni and Cr ions as described above and pH was adjusted to 

pH 8 for Co, pH 5 for Ni ions and pH 9 for Cr ions. After inoculation, samples were incubated at 120 rpm 

for 48hrs at different temperature viz. 30⁰C, 40⁰C, 50⁰C and 60⁰C. After incubation the residual metal 

concentration were measured using AAS. 

III. RESULT AND DISCUSSION: 

 

A. Bacterial isolates: 

      A total of 5 bacterial strains were isolated and tested for their resistance against different metal 

ions. The bacterial strain with the highest efficacy of metal sorption was selected for biosorption studies. The 

soil isolates were partially characterized based on their colonial, morphological and biochemical 

characteristics to identify them. Table-1 shows some of the morphological and biochemical test results of 

soil isolates for their partial identification. 

Based on 16sRNA sequence analysis the soil isolates have been identified as S-1 Pseudomonas 

stutzeri, S-2 Micrococcus aloeverae, S-3 Bacillus weidmannii, S-4 Brevibacillus brostelensis and S-5 

Bacillus cereus.  
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Table 1: Morphological and biochemical characteristics of the isolated bacterial strains 

 

B. Effect of pH: 

 The pH of the solution is the most critical parameter for metal sorption as it influences both 

the bacterial surface chemistry as well as solution chemistry of soluble metal ion. Different metals show 

different pH optimal for their biosorption. The bacterial consortia show maximum sorption for Co at pH 8 

and for Ni at pH-5 whereas for Cr it is pH- 9 about 91.76%, 73.51% and 93.36% respectively. Figure -1 

shows % removal of heavy metals Cobalt, Nickel and Chromium ions by bacterial consortia at pH- 5, 6, 7, 8 

and 9. 

 

 

                       
 

Figure- 1: Effect of pH on biosorption by bacterial consortia 
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Characterization test Bacterial strain 

S-1 S-2 S-3 S-4 S-5 

Gram reaction/shape Negative/ 

Rods 

Positive/ 

Cocci 

Positive/  

Rods 

Positive/ Rods Positive/ Rods 

Catalase + + - + - 

Starch hydrolysis - - + + + 

Gelatin hydrolysis - - - - - 

Lipid hydrolysis - + - - - 

Casein hydrolysis + + + + + 

MR test - + + - - 

VP test - - - - + 

Citrate utilization test + - - - - 

Indole test - - - - - 

Nitrate reduction - - - - + 

Urea hydrolysis test - - - - + 

H2S Production test - - - - - 

Glucose + + + + + 

Sucrose - - + - + 

Lactose - - + - - 

Mannitol - + - - + 

Maltose + + + - + 

Xylose - - + - - 
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C. Effect of temperature: 

 Temperature plays a vital role in metal removal by microbial cells. It is observed that, the 

change in the incubation temperature also influences the metal removal by microorganisms. The maximum 

absorption was shown for Co, Ni and for Cr at 60°C about 93.5%, 88.95% and 90.15% respectively. Figure-

1shows % removal of heavy metals Cobalt, Nickel and Chromium ions by bacterial consortia at different 

temperature like 30⁰C, 40⁰C, 50⁰C and 60⁰C. 

 

 

                       
    

Figure- 2: Effect of pH on biosorption by bacterial consortia 

IV. CONCLUSION 

 

 Heavy metal contamination has been a serious problem throughout the world because of the toxic and 

hazardous effects to humans, marine life and the water body in which it is contained. Even though there are well 

established techniques for the heavy metal removal from drinking water, their usage can be limited by cost. 

Hence, there exists a need to develop a method for heavy metal removal from drinking water which is cost 

effective, efficient and eco-friendly. Based on the experiment carried out and analysis of the data obtained, the 

bacterial consortia have excellent ability to bioremediate heavy metals. The present study demonstrated the use 

of bacterial consortia in the wastewater treatment containing heavy metals. The process would not only be 

economic but also eco-friendly and multipurpose as an alternative to conventional methods of biosorption of 

heavy metals. 
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