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 Wastewater treatment by blue green algae is an eco-friendly technology for improving 

the quality of wastewater. Present investigation was carried out at Department of 

Environmental Sciences, University of Pune, India for selective removal of mineral 
nutrients from municipal wastewater using Nostoc commune and Oscillatoria limosa. 

The results indicated that both blue green algal species have equal potential to remove 

Ca+2, Mg+2, K+ and Na+ . The percent removal efficiency was 83 to 98, indicating 
that both the candidates are highly suitable for phycoremediation. However Oscillatoria 

was better than Nostoc. 
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INTRODUCTION 

 

 The rapid growth of human population and industrialization, indiscriminate use of natural resources, quest 

for material comforts and new life styles demanding a variety of products and amenities, have lead to the 

environmental pollution and the world is facing problems with a wide variety of pollution[8, 13]. Today, the 

demand for clean water is increasing worldwide and the main challenge of wastewater treatment is not only to 

produce clean water but it also support new developments [24].  

 Phycoremediation is a novel, low cost and an effective technique that uses algae to clean up wastewater 

offering very simple and economical method as compare to the other conventional treatments [11]. The major 

advantage of using biological sources is its ability to multiply and magnify in terms of initial inoculum as 

compared to physical and chemical means of treatment. The process of bioremediation depends on the 

metabolic potential of microorganisms to detoxify or transform the pollutant, which is further dependent on 

accessibility and bioavailability [5]. The process of remediation can be enhanced by the addition of various 

microorganisms (called seeding or inoculation) to a polluted environment to promote increased rate of 

biodegradation [3]. Algal species fix the carbon from various sources through photosynthetic activity, absorb 

different nutrients and assimilate them [2]. The use of algae in purification of wastewater facilitates the removal 

of nutrients and xenobiotics, producing oxygen [20].   

 Many researchers have used different types of algal species such as Chlorella vulgaris, Nodularia, 

Synechococcus, Spirulina, Oscillatoria and Scenedesmus for removal of nutrients from wastewater [1,9]. 

Recently, there has been increasing awareness about blue green algae such as Nostoc and Oscillatoria as 

bioremediation and pollution control agents. In addition, their viability and metabolic activities are not affected 

by the decrease in levels of biodegradable pollutants that they may break down [26]. The aim of present study 

was to evaluate the efficiency of Oscillatoria and Nostoc for removal of mineral nutrients from municipal 

wastewater.  

MATERIALS AND METHODS 

 

Selection of Blue Green Algae: 

 Standard microbiological methods were followed for isolation of cyanobacteria from Mula river, Pune. 

Algal samples were microscopically examined and plated on solid agar medium-BG11 [19]. The inoculated 

plates were incubated in culture room (temperature maintained at 25 ± 2 C fitted with cool white fluorescent 

tube emitting 2500 lux for 18 hrs a day) and were regularly examined for the growth of cyanobacteria. Colonies 

appearing on solid medium were picked up and transferred to liquid medium. By repeated streaking, cultures 
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were made unialgal and maintained in BG11 liquid medium. Identification of algal forms was made using 

proper key [7]. The blue green algal members such as Nostoc and Oscillatoria species were selected for 

phycoremediation of municipal wastewater.   

 

Experimental set up: 

 The experiment was conducted in the year 2012-13 at Department of Environmental Sciences, University of 

Pune, Pune-7 (MS), India using randomized complete block design with three replications, under uniform 

laboratory conditions. Conical flasks (250 mL) were used for the experiment and the treatments details were as 

follows: A1/A2 represents Nostoc commune and Oscillatoria limosa, while wastewater without medium and 

algae represents control. The wastewater was mixed with 25 to 125 mL BG11 medium and inoculated with 0.5 

µg of each algae (Nostoc and Oscillatoria) separately in the corresponding flasks.  

 

Physicochemical and Data Analysis: 

 Pre and post experimental analysis of wastewater was carried out by employing standard method [4]. The 

results were analyzed statistically by using MSTATC computer software and a comparison of noted data was 

done on the basis of Duncan’s Multiple Range tests at Alfa level 5 %. 

 

RESULTS AND DISCUSSION 

Calcium: 

 Results given in Table 1 showed that the combination of wastewater and algal species had caused 

significant effect on calcium content. Results revealed that both the algal species are very useful for 

phycoremediaion and they had shown 98.7 % and 94 % reduction in Ca
+2

 with Oscillotaria and Nostoc 

respectively. Removal of Ca
+2

 from wastewater is closely related with hardness of water and in present study it 

was observed that both the algal species have good potential for removing Ca
+2

 from wastewater. However 

Oscillotaria was slightly better than Nostoc (Table 2).  

 Ca
+2

 removal efficiency of BGA members was well recorded and the reduction in Ca
+2

 was due to its heavy 

uptake by algal species as it is essential for their structural building and cell wall synthesis [25, 14, 10]. 

Considerable removal of Ca
+2

 (95.4 %) from municipal wastewater was also recorded by Wang et al. [25] using 

Chlorella species. Similarly Song et al. [22] noted removal of calcium using algae and further claimed that it 

was due to precipitation of calcium in the form of calcium phosphates.  Results of present investigation are in 

agreement with above findings.       

 

Magnesium: 

 The combination of wastewater and algal species had significant effect on Mg
+2

 at final stage of 

phycoremediation (Table 1). Removal of Mg
+2

 from wastewater during algal treatment was highest by 97.5 % 

and 93 % using Oscillotaria and Nostoc respectively over control. However Nostoc was performing to its 

optimum level even in slightly higher concentration of wastewater as compare to Oscillotaria which had shown 

the optimum performance (Table 2).   

 Concentration of Mg
+2

 in wastewater is the deciding factor of hardness along with Ca
+2

 and changes in 

Mg
+2

 has correlation with TA. Similar trend was observed for municipal wastewater using Chlorella [25]. 

Phycoremediation of industrial effluents using different species of cyanobacteria such as Oscillotaria, 

Synechococcus, Nostoc and Cyanothece species noted significant reduction in Mg
+2

 which was due to unique 

biodegradation and bioabsorption capacity of BGA members [10]. According to Zhou et al. [27] trace elements 

like Mg
+2

 and Mn
+2

 are essential minerals for the metabolism of algae and hence their uptake may be very high 

leading to elimination of these elements from municipal wastewater. Wang et al. [25] reported that the metal 

ions like Mg
+2

 and Mn
+2

 were removed very efficiently by green algae like Chlorella used for the treatment of 

municipal wastewater. The research work by Mahapatra et al. [16] indicated removal of Mg
+2

 from sewage 

water by using Euglena. The results of our studies are inconformity with above findings.    

 

Potassium: 

 From the results recorded in Table 1 it was very clear that combination of wastewater and algae had 

significant impact on potassium content. Reduction in K
+
 was very high in presence of Oscillotaria (97.5 %) as 

compare to Nostoc (83 %) during phycoremediation over control (Table 2). Selective removal of the various 

contaminants including metal ions is the unique feature of pyhcoremediation technology and there was 

significant reduction in K
+
 using Chlorella [18].    

 Results of present study are in accordance with previous work which indicated considerable reduction in K
+ 

using different algal species like Chlorella and suggested that use of algae is the best option to manage the 

nutrient load in municipal wastewater treatment plants [25].  Many researcher have confirmed the role of 

different BGA members for selective removal of various metal ions such as Ca
+2 

, Mg
+2

, Na
+ 

, and K
+
 from 

wastewater [12, 10]. Similar results regarding removal of K
+
 from wastewater using blue green alga viz 
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Anabaena was recorded by Dash and Pradhan, [6]. The considerable reduction in K

+
 might be due to its very 

high uptake by algae as it is essential for maintains of electrochemical balance in cell.     

 

pH: 

 pH is one of the important parameters as it plays an important role in acid/base neutralization and water 

softening [15]. The results on pH of municipal wastewater illustrated in Table 3 showed that there was no 

significant effect of algal species on pH at the end of phycoremediation. The results on pH of municipal 

wastewater during phycoremediation revealed that there was slight increase in pH but the results were not 

statistically significant as compare to other physicochemical parameters (Table 4).  

 Many researchers have worked on changes in pH of wastewater during bioremediation and noted slight 

increase in pH of wastewater at the end of treatment [6, 15]. The pH of the water is largely governed by CO2, 

carbonates and bicarbonates equilibrium and noted alkaline pH during phycoremediation [23]. Increase in pH 

during phycoremedation is the usual behaviour of BGA which favours the growth of BGA [17].    

 
Table 1: Mean squares of variance analysis for Ca+2, Mg+2 and K+ of municipal wastewater. 

 

Sources 

 

df 

Ca+2  Mg+2   K+ 

Initial Final  Initial Final  Initial Final 

Replication 2 5.303 63.3  40.94 0.64  0.098 0.053 

Algae (A) 10 0.000ns 71926**  0.000ns 9019.9**  0.000ns 26.55** 

Error 20 324.04 50.000  77.8 16.94  0.257 0.045 

C. V (%)  3.26 4.80  4.44 6.85  4.000 4.88 

*, **: significant at 5 and 1 %, respectively, ns: not significant 

 

Table 2: Effect of different algal species and wastewater concentrations on Ca+2, Mg+2 and K+ of municipal wastewater. 
Treatment Ca+2 (mg/L)  Mg+2 (mg/L)  K+ (mg/L) 

Initial Final  Initial Final  Initial Final 

Control 552.3 a 539.0 a  198.7 a 193.3 a  12.7 a 12.0 a 

A1 C1 552.3 a 249.7 b  198.7 a 93.0 b  12.7 a 6.3 b 

A1 C2 552.3 a 193.7 cd  198.7 a 81.7 c  12.7 a 4.2 c 

A1 C3 552.3 a 74.7 e  198.7 a 30.3 ef  12.7 a 4.0 c 

A1 C4 552.3 a 31.0 f  198.7 a 13.7 h  12.7 a 2.0 f 

A1 C5 552.3 a 36.3 f  198.7 a 23.3 fg  12.7 a 2.7 e 

A2 C1 552.3 a 199.7 c  198.7 a 92.0 b  12.7 a 4.0 c 

A2 C2 552.3 a 184.7 d  198.7 a 72.0 d  12.7 a 4.3 c 

A2 C3 552.3 a 66.3 e  198.7 a 37.0 e  12.7 a 4.3 c 

A2 C4 552.3 a 36.0 f  198.7 a 20.0 gh  12.7 a 3.3 d 

A2 C5 552.3 a 7.7 g  198.7a 4.7 i  12.7 a 0.3 g 

Means with different letters are significantly different at P=0.05, using Duncan's Multiple Range Test. 

 

Table 3: Mean squares of variance analysis for pH and Na+ of municipal wastewater. 

 
Sources 

 
df 

pH  Na+ 

Initial Final  Initial Final 

Replication 2 0.005 0.04  13.3 0.008 

Treatment 10 0.001ns 0.043ns  0.000ns 686.02** 

Error 20 0.054 0.63  9.94 1.7 

C. V (%)  3.43 3.52  5.40 7.59 

*, **: significant at 5 and 1 %, respectively, ns: not significant 

 

Table 4: Effect of  algal species and wastewater concentrations on pH and Na+ of municipal wastewater . 

Treatment pH value           Na+ (mg/L) 

      Initial      Final        Initial     Final 

Control 6.8 a 6.9 a  58.3 a  56.0 a 

A1 C1 6.8 a 7.2 a  58.3 a 27.7 b 

A1 C2 6.8 a 7.0 a  58.3 a 19.7 c 

A1 C3 6.8 a 7.1 a  58.3 a   7.7 e 

A1 C4 6.8 a 7.3 a  58.3 a   7.2 e 

A1 C5 6.8 a 7.4 a  58.3 a   7.0 e 

A2 C1 6.8 a 7.4 a  58.3 a 20.7 c 

A2 C2 6.8 a 7.2 a  58.3 a 20.7 c 

A2 C3 6.8 a 7.3 a  58.3 a 12.0 d 

A2 C4 6.8 a 7.0 a  58.3 a    8.0 e 

A2 C5 6.8 a 7.5 a  58.3 a  2.0 f 

Means with different letters are significantly different at P=0.05, using Duncan's Multiple Range Test.  

 

Sodium: 

 The data shown in Table 3 revealed that sodium contents were drastically reduced due to combination of  
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wastewater and cyanobacterial species. The results recorded on reduction in Na

+
 content in municipal 

wastewater during phycoremediation had clearly indicated that both the algal species had good ability for 

removal of Na
+
 which was by 96.4 and 87.5 % with Oscillotaria and Nostoc respectively (Table 4).  

Removal of Na
+
 from wastewater is related to alkalinity or salinity of wastewater; hence reduction in Na

+
 leads 

to reduction in salinity of water [6]. Microalgae had good potential to reduce Na
+
 from wastewater because they 

are able to tolerate higher levels of salinity. They have highly specialized mechanisms like absorption, 

adsorption, exclusion and sequestration etc [21]. Considerable reduction in Na
+
 during phycoremediation from 

wastewater of leather industry using Chlorella was reported [18]. Reduction in sodium of wastewater by using 

different algal species was reported previously [6,27]. Our results are on the same line supporting the above 

work.   

 

Summary and Conclusion 

 The results of present investigation revealed that cyanobacterial treatment is a feasible technique for 

phycoremediation of municipal wastewater. Therefore it was concluded that remediation of wastewater using 

Oscillatoria limosa and Nostoc commune is an effective as well as environmentally acceptable option, which 

can improve the water quality. The phycoremediation technology was more efficient in highest dilution of 

municipal wastewater. Amongst both the algae Osillatoria limosa had better potential, more suitability as well 

as very convenient for removal of different mineral nutrients which can be recommended for large scale 

treatment. As microorganisms shows wide range of mechanisms, there are still few mechanisms which are not 

known, therefore bioremediation is still considered as a developing technology.  
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