
Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231-6345 (Online) 

An Open Access, Online International Journal Available at http://www.cibtech.org/jls.htm 

2014 Vol. 4 (1) January-March, pp.252-255/Murali et al. 

Research Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  252 

 

ASSESSMENT OF BIOREMEDIATION OF COBALT AND CHROMIUM 

USING CYANOBACTERIA 

Oleti Murali , Gowsiya Shaik and *Santosh Kumar Mehar  

Department of Botany, S.V. University, Tirupati 517502, A.P. India 

*Author for Correspondence 

 

 

ABSTRACT 

Environmental pollution with heavy metals, produced by mining, processes of metallurgy and other 
chemical industries is a worldwide problem to human health and environment because of their high 

concentrations in the biological food chains and long term presence in the ecosystems. Due to the increase 
in concentration of different kinds of heavy metals, there is an urgent need of finding means for 

sustainable remediation of pollutant heavy metals. Spirulina platensis, a cyanobacterium, contains rich 

percentage of photosynthetic pigments and protein used in cosmetics, pharmaceutical and medicinal 

purpose all through the world. At the same time it is reported to be tolerant to certain kinds of heavy 
metals. In the present study, tolerance of S. platensis was assessed for Cobalt and Chromium, by exposing 

it to different concentrations of the two heavy metals (2, 4 and 6 ppm). This is vivid that Spirulina 

platensis is highly tolerant to the ascending concentrations of heavy metals and absorbs them in aquatic 
media. This approves the usage of Spirulina as useful tool for the elimination of heavy metals from the 

environment. 
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INTRODUCTION 

Heavy metal pollution has become one of the most serious environmental problems today. This creates 
the need to search for approaches for sustainably reducing the concentration of the heavy metals in the 
environment. Bioremediation is one such approach which includes biosorption, a physiochemical process 

that occurs naturally in certain biomass which allows it to passively concentrate and bind contaminants 

onto its cellular structure. Though using biomass in environmental cleanup has been in practice for a 
while, scientists and engineers are hoping this phenomenon will provide an economical alternative for 

removing toxic heavy metals from industrial wastewater and aid in environmental remediation (Konapka, 

1999). Thus bio sorption, using biomaterials such as algae, to absorb and concentrate is regarded as a 

cost-effective biotechnological tool for the treatment of high volume and low concentration complex 
wastewaters containing heavy metal(s) in the order of 1 to 100 mg l

-1
. With the advantage of low cost raw 

material, big adsorbing capacity, and no secondary pollution etc., algae are promising for purification of 

waste water and remedial tool for toxic heavy metals from the water bodies. 

Spirulina is a submerged algae (Cyanobacterium), which is invasive and can be seen generally in aquatic 
environments like streams, littoral zones of the lakes, drainage systems and wetlands. It can be found 

throughout the year and reproduces primarily by vegetative fragmentation (Fatma et al., 1994). It is 

rooted to the bottom and grows on the surface. When the surface is reached, it branches profusely join to 

form a dense canopy. 

The main purpose of this study is to investigate the adsorption characteristics of Spirulina for Cobalt and 
Chromium. The growth parameters such as Chlorophyll (Chl a, Chl b and total chlorophylls), 

Carotenoides and protein content is assessed in the presence of the Heavy Metal. Assessing the 

biosorption capacity of Spirulina for these heavy metals and simultaneous detection of these growth 
parameters will help in understanding its potential as biosorption agent. 
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MATERIALS AND METHODS 

S. platensis was kindly donated by Department of Marine Biotechnology, Bharathidasan University, 
Thiruchirappalli, Tamilnadu. Culture Media used was Zarrouk medium (Zarrouk, 1966). Axenic culture 

of S. platensis was grown in culture room under continuous light (14.4W m
-2

) at 26 ±2
o
 C. The 

experiments were conducted in triplicates. The culture flask contained glass beads (2mm, five in each 

culture flask) to prevent clumping of cells in growing algal mass, and were shaken gently every day.  

One millilitre of algal cells from exponentially growing homogenous culture of alga was withdrawn and 

inoculated in 100 ml freshly prepared Zarrouk medium containing different ranges of the Cobalt and 

Chromium (2, 4 and 6 ppm). Source of heavy metals were stock solutions of CoCl2.6H2O and K2Cr2O7.  

After 7 days inoculation, 10 ml of algal sample was harvested from homogenous cultures and centrifuged 

(4000g, 15 min) and supernatant media were separated. The algal samples in the sediment were mixed 
individually with 10 ml of EDTA (10μM) solution and gently shaken. Samples were once again 

centrifuged (4000g, 15 min). Supernatant EDTA was taken out for measuring the adsorbed ionic 

concentration. All three parts i.e. media, EDTA and algal pellets from each sample were dried, digested 

with double acid [HNO3: HClO4 mixture (10:1, v/v)] in boiling water bath for 1 h. After cooling, the 
samples were diluted to 10 ml with distilled water and analyzed for Co and Cr level by Atomic 

Absorption Spectrophotometer at 628 nm (validated for analysis of trace metals). 

Changes in protein, sugar and pigments were estimated after 7 days of growth of algae in the different 

treatments. Effect of heavy metal on Chlorophyll content of S. platensis was assessed according to Genty 

et al., (1989), on Carotenoids according to Saleh et al., (2011), and total protein content according to 
Lowry et al., (1951). The effect of heavy metals on the different growth parameters was statistically 

analyzed using t-test, and comparing control with the treatments.  

 

RESULTS AND DISCUSSION 

Difference in content of chlorophyll between control and treatments with heavy metals were not 

significant statistically, both when applied singly and in combination (p≥0.05). However, the values 

followed the concentration dependent course (increase in the concentration of HM affected the Chl a 

content, fig. 1) when single HM was used. But in the combination, treatment at 4ppm, there was more 
chlorophyll a, as compared with 2 and 6 ppm treatments. HM treatment had no negative effect on the 

Chlorophyll b content too (p≥0.05, fig 2). Instead, results at 4ppm were similar to those for chlorophyll a, 

when the alga was exposed to combination of heavy metals (Faryal et al., 2005). The effect of HM 

combination was concentration dependent when the algal cells were exposed to combined dose of the two 
heavy metals, however, here the content increased with increase in the heavy metal concentrations. Total 

chlorophyll content results showed similar pattern as Chl b, i.e. Cobalt and Chromium at the 

concentration of 4ppm increased total chlorophyll content. The effect of HM combination was again 

concentration dependent (fig. 3).  

Treatments with HM had negative effect on the Carotenoides content when applied in combination 

(p≤0.05). But the treatments with single HM had no effect on Carotenoids (p≥0.05, Fig 4). The combined 

treatment of HM at 4ppm had a high amount of carotenoides content than 2ppm and 6ppm concentrations. 

Cr at 6ppm concentration negatively affected the Protein content than the other treatments and broadly the 

effect was concentration dependent as observed earlier by Gupta et al., (2001). All the other treatments 

had no negative effect on protein content (p≥0.05, Fig 5). 

Results of heavy metal absorption by S. platensis showed that the algal cells absorbed high amount of 
both the HMs, as higher values of these metals were detected in the Pellet than in Supernatant and EDTA 

(Fig 6, 7 and 8). Finding high amount of pellet indicates the absorption of the HM by the cells of S. 

platensis. The absorption increased with the increase in the HM concentration. S. platensis absorbed more 

Co than Cr.  
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Figures 1-8: Evaluation and Assessment Of Bioremediation Of Heavy metals (Cobalt & Chromium) 

Using Cyanobacteria, Spirulina platensis. 
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Fig.1. Effect of HM on Chl "a" content of S.platensis
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Fig.2. Effect of HM on Chl "b" content of S.platensis
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Fig.3. Effect of HM on Total Chlorophyll content of 

S.platensis
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Fig.4. Effect of HM on Carotenoides content S.platensis
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Fig.5. Effect of HM on Protein content S.platensis
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Fig.6. Cobalt (Co)- absorption by S.platensis 
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Fig.7. Chromium (Cr)- absorption by S.platensis

Control

2ppm

4ppm

6ppm

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

Pellet SN EDTA S Pellet SN EDTA S

H
M

 a
b

so
rb

ed
 (

µ
g

 l
-1

)

Fig.8. HM absorption of S.platensis when the HM are 

applied in a combination (Co+Cr)
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The growth parameters such as chlorophyll (Chl a, Chl b and total chlorophylls), carotenoides and protein 

content show uninhibited growth of S. platensis in the presence of the heavy metals. This agrees with 

earlier observation of Saleh et al., (2001). In the present study S. platensis, was found to be capable of 
absorbing high quantities of Co and Cr, when exposed to concentrations from 2 to 6 ppm. Kaewsarn 

(2002) also reported that certain species of marine algae when exposed to heavy metals, could utilize 

different approaches to accumulate high concentration of the heavy metal in their biomass. With the 
results it can be concluded that the S. platensis is a potent eco-friendly bio-tool for the remediation of 

Cobalt and chromium. 

Conclusion 

Our results which are obtained from above experiment greater accumulation and tolerance of 
cyanobacteria s. platensis to the Co, Cr, Co & Cr as compared to other known cyanobacteria. The much 

hyper accumulation capability of cyanobacteria for Co, Cr, Co & Cr opens a good domain for research to 

great hard of aquatic area for Bioremediation our results showed reduced the levels of total Chlorophylls, 
Proteins, Carotenoides confirming good required changes takes place in physiology of cyanobacteria (S. 

platensis) due to heavy metal stress.  
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