
Ahad et al  RJLBPCS 2022            www.rjlbpcs.com       Life Science Informatics Publications 

© 2022 Life Science Informatics Publication All rights reserved 

Peer review under responsibility of Life Science Informatics Publications 

2022 Jan – Feb RJLBPCS 8(1) Page No.1 

 

Original Research Article                             DOI: 10.26479/2022.0801.01 

REUSABILITY OF NOSTOC MUSCORUM Meg 1 BIOMASS  

FOR Cd2+ REMOVAL 

Rabbul Ibne A. Ahad, Meguovilie Sachu, Mayashree B. Syiem* 

Department of Biochemistry, North-Eastern Hill University, Shillong – 793022, Meghalaya, India.

 

ABSTRACT: The present study examined sorption-desorption of Cd2+ by Nostoc muscorum Meg 

1 biomass in order to establish the repeated usability of same microbial biomass for removal of Cd2+. 

Cd2+ removal by the cyanobacterium in a trial run using a 500 mL conical flask was 94% at the end 

of 24 h when cells were exposed to 0.5 ppm Cd2+ supplemented medium. For medium scale removal 

of Cd2+, photo-bioreactor and mini pond bioreactor were designed. In these two experiments, Nostoc 

muscorum Meg 1 was able to remove 90% of Cd2+ in the photo-bioreactor while the removal 

percentage was 86% in the mini pond bioreactor within 24 h. Desorption of Cd2+ from Nostoc 

muscorum Meg 1 cell surfaces was analysed under treatment with 0.1 M HNO3/HCl/ H2SO4/ 

EDTA/NH4Cl. Next, the reusability of the biomass in Cd2+ removal was checked by conducting a 

repeated sorption desorption experiment. Maximum Cd2+ desorption (89%, 86%, 82% and 77%) 

was possible in presence of HNO3 after first, second, third, fourth cycles. Among the five desorption 

agents tested, least desorption (74% 68%, 65% and 61%) was achieved in the presence of NH4Cl. 

This study thus indicated that the same Nostoc muscorum Meg 1 biomass can be effectively used at 

least four times for the removal of Cd2+ from Cd2+ contaminated wastewater. 
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1.INTRODUCTION 

The biosorption of Cd2+ by the cyanobacterium Nostoc muscorum Meg 1 has been studied in 

laboratory in detail [1]. Water samples were collected from the rice fields adjacent to coal mines 
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in Sohra, Meghalaya. The Cd2+ concentration was found in the water sample was 0.22 ppm that 

was far higher than the permissible limits (i.e. 0.22 ppm). The concentration of Cd2+ was ~ 44 folds 

higher than the recommended limit of U.S. EPA (2000) [2]. However, Cd2+content in contaminated 

fields may change from time to time depending on the amount of coal residues that enter these rice 

fields. As the region boast of heavy rains, Cd2+ contaminated water enters almost all crop fields 

especially during rainy season which enhances level of Cd2+ in these fields to toxic proportion. 

Result of such an event is increased accumulation of Cd2+ in the grains [3,4] and further up-scale 

movement of toxic Cd2+ in the food chains creating health risk in animals and human beings [5,6]. 

This calls for the employment of remediation measures for clean-up of such pollutants from the 

contaminated environment. Many scientist have tried methods such as chemical treatment, solvent 

extraction, evaporation upturn, application of ion-exchange and membrane technologies for 

removing heavy metal burden from polluted sites [7,8]. In recent times, metal removal by 

biological resources such as plants, algae, and bacteria is gaining attention due to issues related to 

cost and degradation efficiency. Microorganisms can lessen heavy metal load from the adjacent 

environment by mechanisms such as biosorption, bioaccumulation, biotransformation or bio-

mineralization [9,10]. Among microbes, cyanobacteria offer attractive possibilities as they are 

both photosynthetic and nitrogen fixing requiring input of simple nutrients. This makes the process 

cost-efficient and eco-friendly. Selecting fast-growing cyanobacteria provides opportunity for 

higher biomass production that reflects availability of larger surface area for metal binding. Many 

such rapidly multiplying cyanobacterial strains also produce mucilage / exo-polysaccharides that 

additionally aid in metal removal [11–13]. In-situ removal of Cd2+ by cyanobacteria is desirable 

as it reduces the risk of spreading Cd2+ contamination. The reclamation of the used cyanobacterial 

biomass through desorption of the metal ion from the biosorbent after sorption process is saturated 

is an important attempt to keep costs low and develop the possibility to recover the extracted metals 

from the liquid phase [14]. Thus the aim of this study was to evaluate the possibility of using live 

Nostoc muscorum Meg 1 cells for removal of Cd2+. Special emphasis was placed on evaluation of 

reusability of Nostoc muscorum Meg 1 biomass in removal of Cd2+ from contaminated water. 

Reusability of the cyanobacterial biomass for Cd2+ sorption was determined by the sorption-

desorption study. Sorption of Cd2+ in medium scale level in batch photoreactor and pond reactor 

were also studied.  

2. MATERIALS AND METHODS 

2.1. Growth and maintenance of cyanobacterium Nostoc muscorum Meg 1 

Ten days old (mid-log phase) cyanobacterial cultures were used for experiments and the culture 

concentrations was kept constant at 3 µg/mL chlorophyll a concentrations throughout the study. The 

pH of the BG-110 medium was maintained at 7.5. All the experimental set-ups were kept in a culture 

room under light (PAR) at a photon fluence rate of 50 µmol/m2/s1 with continuous illumination and 
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the temperature of 25 ± 2 °C and a shaking rate of 50 rpm [15]. 

2.2. Cd2+ treatment 

3CdSO4
.8H2O was used as the source of Cd2+ and the concentration was calculated only for Cd2+, 

not for the salt. Experimental Cd2+ solution was prepared by diluting the 100 ppm stock solution 

with BG-110 medium. The Cd2+ concentration was chosen for the study was 0.5 ppm Cd2+. 

2.3. Analysis of various desorbents for recovery of Cd2+ 

HNO3, H2SO4, HCl, EDTA, and NH4Cl were assessed for desorption of Cd2+ ions from the 

cyanobacterial biomass. At the end of 24 h of Cd2+ treatment, the cyanobacterial biomass was 

collected by centrifugation and washed with milli-Q water to remove excess Cd2+ ions from the 

sample. Next, the biomass was kept in desorbing solutions for 10 min under shaking condition. The 

solution was centrifuged and the supernatant was used for the estimation of the amount of Cd2+ 

desorbed from the cells [16–18]. Percent desorption was calculated using the following formula: 

% Desorption = 
amount of Cd2+ desorbed

amount of  Cd2+adsorbed
 × 100   (1) 

2.4. Cd2+ removal study using batch bioreactors 

One photo-bioreactor of 3 L capacity and one pond bioreactor of 5 L capacity were designed to study 

Cd2+ removal potential of the cyanobacterium in bulk scale. In both bioreactors, 0.5 ppm of Cd2+ 

was added to the medium. At the end of the incubation period of 24 h, 20 mL of treated cultures 

were taken, centrifuged at 2500 rpm for 3 min and the supernatant was transferred into new vials 

for estimating Cd2+. The % Cd2+ removal was calculated using formula (2). 

   Percent Cd2+ removal = 
𝐶𝐹−𝐶𝐼

𝐶𝐹
 × 100     (2) 

2.5. Statistical analysis 

Experimental data were obtained in triplicates. All the data were expressed as mean ± SD. Data were 

analyzed by applying one-way analysis of variance (ANOVA) following the Dunnett’s multiple 

comparison tests. Statistical significance levels were: * = p < 0.05; ** = p < 0.01 and *** = p < 

0.001. All the statistical analyses were performed using IBM SPSS Statistics 24 program (IBM 

Corporation, Somers, NY, USA). 

3. RESULTS AND DISCUSSION 

3.1. Screening for the effective Cd2+ desorbing agent(s) 

Ahad et al. in 2017 [1], reported that the cyanobacterium showed significant biosorption capacity, 

(Qmax = 71.4 mg/g) indicating its strong potential in industrial application for large scale bioremoval 

of Cd2+ from contaminated waters. Thus, it became enormously important to understand its metal 

sorption/desorption behavior. Suitable desorbing agents could remove sorbed metal ions from the 

biomass and thus open up the possibility of re-using the same biomass multiple times in 

sorption/desorption process. Alternately, once desorbed, the cyanobacterial biomass could be 
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allowed to recover and grow and then be harvested for newer cycles of Cd2+ biosorption. Five 

different desorbing agents i.e. 0.1 M each of HCl, HNO3, H2SO4, EDTA, and NH4Cl were tested for 

desorption of Cd2+ from the Nostoc muscorum Meg 1 biomass. Four rounds of sorption and 

desorption were studied using the same biomass. Figure 1 presents the percentages of Cd2+ ions 

recovered from the cyanobacterial biomass under treatment with different desorbing agents. 

Maximum Cd2+ desorption was 89 %, 86 %, 82 % and 77 % in presence of HNO3 after first, second, 

third, and fourth cycles of desorption. However, the least desorption of 74 %, 68 %, 65 % and 61 % 

after first, second, third, and fourth cycle was achieved in the presence of NH4Cl. The Cd2+ 

desorbing capacity of the solutions was found in the following order for first, second, third, and 

fourth cycle: HNO3 > H2SO4 > HCl > EDTA > NH4Cl. Sorption in presence of HNO3, H2SO4, HCl, 

EDTA, and NH4Cl was reduced by 14 %, 16 %, 20 %, 22 % and 28 % in the fourth cycle compared 

to first sorption cycle. Like sorption, desorption was also declined by 12 %, 13 %, 15 %, 13 %, and 

14 % in fourth cycle in comparison to the first desorption cycle. Dixit and Singh, (2013) [13] 

reported that in Nostoc muscorum, maximum Cd2+ desorption was achieved in presence of HNO3 

which agrees with our study. Similarly, Mishra (2014) [16] reported that the recovery of Cd2+ ions 

from brown alga Ecklonia maxima using HNO3, H2SO4, HCl acids and NaCl salt that were more 

effective than chelator EDTA and carbonate salts. Zhou et al. (1998) [19] reported that use of HCl 

and EDTA solutions were very effective for desorbing biosorbed metal ions from macroalgae. In 

their study, the biomass after treatment with HCl and EDTA showed high desorption performance 

suggesting the possibility of using HCl and EDTA for desorption of metal ions from biomass. The 

above-mentioned studies indicated that different desorbing agents act differently on different 

organisms. Therefore, for a particular organism under study both sorption and desorption agents and 

parameters need to be optimized for best results. 
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Fig. 1: Recovery of Cd2+ ions using different desorbing agents (HNO3, H2SO4, HCl, EDTA, and 

NH4Cl) from the Nostoc muscorum Meg 1 cells after four consecutive sorption and desorption 

cycles. Cd2+ concentration: 0.5 ppm. Duration of exposure of desorbing agents: 10 min. Cd = Cd2+; 

A = HNO3; B = H2SO4; C = HCl; D = EDTA, and E = NH4Cl. All the values are expressed as mean 

± SD, (N =3). Statistical analysis was performed using one way ANOVA (Dunnet’s multiple 

comparison test) by comparing sorption cycle with second, third, and fourth sorption cycle as well 

as first desorption cycle with second, third, and fourth desorption cycle. Significance levels were 

expressed as ns = no significance, *p < 0.05, *p < 0.01 and ** p < 0.001. 

3.2. Batch bioreactor study 

A simple photo-bioreactor (3 L capacity) and a mini pond bioreactor (5 L capacity) were designed 

and developed to study medium scale Cd2+ removal efficiency of the cyanobacterium Nostoc 

muscorum Meg 1 (Fig. 2a; b). The study was conducted to assess the efficiency of the organism in 

removing Cd2+ from larger volume of solution. Both bioreactors were kept in a culture room whose 

optimum temperature was maintained at 25 ± 2 °C. A final Cd2+ concentration of 0.5 ppm was added 

in the bioreactors containing the cyanobacterium with 3 µg/mL chlorophyll a concentration. The 

aeration facility in the photo-reactor was provided by allowing air to pass through various air 

openings made on the lid of the reactor. Aeration was ensured in the pond reactor by keeping gap in 

the lid of the set-up. Homogeneity of culture within the photo-reactor was maintained by stirring the 

culture using magnetic stirrer while the pond bioreactor was kept on a rocking shaker. The 

experimental time was 24 h. At the end of the experimental period, 100 mL cultures were removed 

from both the reactors and remaining Cd2+ ions were estimated in these solutions by GF-AAS in 
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order to calculate the amount of Cd2+ ions removed by the organism [20]. The results obtained 

showed that the Nostoc muscorum Meg 1 was able to remove 90 % and 86 % Cd2+ within 24 h in 

the photo-bioreactor and the mini pond reactor, respectively (Fig. 2c; d). These removal percentages 

were very similar to that of the organism’s biosorption capacity (90 %) when the experiment was 

conducted within the confinement of 50 mL conical flasks. The study, therefore, points out that 

medium scale Cd2+ removal practices are feasible for the removal of metal ions from the wastewater 

using photo-bioreactors. 

 

Fig. 2: Percent Cd2+ removal by the Nostoc muscorum Meg 1 after 24 h in batch photo-bioreactor 

and pond bioreactors under optimum conditions. a: image of the photo-bioreactor; b: image of the 

pond bioreactor; c: % Cd2+ removal in the photo-bioreactor, and d: % Cd2+ removal in the pond 

bioreactor. Cd = Cd2+ ions. 

In recent times, due to urbanization and industrialization, use of heavy metals and their derivatives 
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have polluted environments especially soil and water bodies [21]. This has prompted widespread 

research into finding different ways to remediate the contaminated surroundings. The use of various 

plants and microbes (fungi, algae, bacteria including cyanobacteria) has gained popularity in the 

context of bioremediation of degraded environment [22-25] . In this connection, microbes are 

preferable as they have a simple nutrient requirement and short generation time that produce higher 

cell surface for metal binding. Among microbes, cyanobacteria present exciting opportunities being 

both carbon and nitrogen-fixing in nature [26-27] that brings down their nutrient requirements and 

consequently the cost of their production as biosorbents. Cyanobacterial cell surfaces contain large 

number of negatively charged groups suitable for binding positively charged metal ions and thus 

higher biomass production ensure increased metal removal [28-31]. However, developing 

technology for metal removal using cyanobacteria requires in depth study in understanding metal-

cyanobacteria interactions and metal tolerance of the organism(s). With the realization that 

indigenous strains of cyanobacteria native to metal-polluted sites would already be adapted to high 

metal pollution and therefore could be suitable for metal bioremediation. These various aspects of 

metal sorption using cyanobacterial biomass need thorough investigation. However, in recent times 

there are a number of bioremediation companies (Pluton Biosciences (USA), Australia’s 

Commonwealth Scientific and Industrial Research Organization (Australia), Tatva group (India) 

etc.) that offer their services for remediation of contaminated waters using microbes such as 

cyanobacteria. 

4. CONCLUSION 

The present findings showed that the Nostoc muscorum Meg 1 biomass can be used for Cd2+ sorption. 

The same biomass can be reused for at least four cycles of Cd2+ sorption following desorption of the 

sorbed metal ions after every cycle. The best agent for Cd2+ desorption was found to be HNO3. The 

study further pointed out that medium-scale Cd2+ removal practices are feasible from wastewater 

using photo and pond bioreactors.  

ETHICS APPROVAL AND CONSENT TO PARTICIPATE 

Not applicable. 

HUMAN AND ANIMAL RIGHTS 

No Animals/Humans were used for studies that are base of this research. 

CONSENT FOR PUBLICATION 

Not applicable. 

AVAILABILITY OF DATA AND MATERIALS 

The author confirms that the data supporting the findings of this research are available within the 

article. 

FUNDING 

None. 

http://www.rjlbpcs.com/


Ahad et al  RJLBPCS 2022            www.rjlbpcs.com       Life Science Informatics Publications 

© 2022 Life Science Informatics Publication All rights reserved 

Peer review under responsibility of Life Science Informatics Publications 

2022 Jan – Feb RJLBPCS 8(1) Page No.8 

 

ACKNOWLEDGEMENT 

The authors would like to acknowledge University Grants Commission (UGC) Government of India 

for granting fellowship National Fellowship for Higher studies of ST students being implemented 

by the Ministry of Tribal affairs. 

CONFLICT OF INTEREST 

The authors declared no conflict of interest. 

REFERENCES 

1. Ahad RIA, Goswami S, Syiem MB. Biosorption and equilibrium isotherms study of cadmium 

removal by Nostoc muscorum Meg 1: morphological, physiological and biochemical alterations. 

3 Biotech. 2017; 7:1-12.  

2. United States Environmental Protection Agency. Cadmium compounds hazard Summary., 

Technol. Transf. Netw. Air Toxics Web Site. 2000; 1-19. 

3. Murakami M, Ae N, Ishikawa S, Ibaraki T, Ito M. Phytoextraction by a high-Cd-accumulating 

rice: Reduction of Cd content of soybean seeds. Environ. Sci. Technol. 2008; 42:6167–6172.  

4. Zhang C, Sale PWG, Doronila AI, Clark GJ, Livesay C, Tang C, Australian native plant species 

Carpobrotus rossii (Haw.) Schwantes shows the potential of cadmium phytoremediation. 

Environ. Sci. Pollut. Res. 2014; 21:9843–9851. 

5. Hazarika J, Pakshirajan K, Sinharoy A, Syiem MB. Bioremoval of Cu(II), Zn(II), Pb(II) and 

Cd(II) by Nostoc muscorum isolated from a coal mining site. J. Appl. Phycol. 2015; 27:1525–

1534.  

6. Khan Z, Rehman A, Hussain SZ, Nisar MA, Zulfiqar S, Shakoori AR. Cadmium resistance and 

uptake by bacterium, Salmonella enterica 43C, isolated from industrial effluent. AMB Express. 

2016; 6.  

7. Babu BV, Gupta S. Adsorption of Cr(VI) using activated neem leaves: Kinetic studies, 

Adsorption. 2008; 14:85–92.  

8. Haritash AK, Kaushik CP. Biodegradation aspects of Polycyclic Aromatic Hydrocarbons 

(PAHs): A review. J. Hazard. Mater. 2009; 169:1–15.  

9. Umrania VV. Bioremediation of toxic heavy metals using acidothermophilic autotrophes. 

Bioresour. Technol. 2006; 97:1237–1242.  

10. Xiao X, Luo S, Zeng G, Wei W, Wan Y, Chen L, Guo H, Cao Z, Yang L, Chen J, Xi Q. 

Biosorption of cadmium by endophytic fungus (EF) Microsphaeropsis sp. LSE10 isolated from 

cadmium hyperaccumulator Solanum nigrum L. Bioresour. Technol. 2010; 101:1668–1674.  

11. Gupta VK, Rastogi A. Biosorption of lead(II) from aqueous solutions by non-living algal 

biomass Oedogonium sp. and Nostoc sp.—A comparative study. Colloids Surfaces B 

Biointerfaces. 2008; 64:170–178.  

12. Latifi A, Ruiz M, Zhang CC, G. L, L. TM, C. E, C. ND, M. HC, F. L, G. A, Oxidative stress in 

http://www.rjlbpcs.com/


Ahad et al  RJLBPCS 2022            www.rjlbpcs.com       Life Science Informatics Publications 

© 2022 Life Science Informatics Publication All rights reserved 

Peer review under responsibility of Life Science Informatics Publications 

2022 Jan – Feb RJLBPCS 8(1) Page No.9 

 

cyanobacteria, FEMS Microbiol. Rev. 33 (2009) 258–278.  

13. Dixit S, Singh DP. Phycoremediation of lead and cadmium by employing Nostoc muscorum as 

biosorbent and optimization of its biosorption potential. Int. J. Phytoremediation. 2013; 15:801–

813.  

14. Michalak I, Chojnacka K, Witek-Krowiak A. State of the art for the biosorption process - A 

review. Appl. Biochem. Biotechnol. 2013; 170:1389–1416.  

15. Ahad RIA, Syiem MB. Copper and cadmium-induced toxicity on the cyanobacterium Nostoc 

muscorum Meg 1: A comparative study. EurAsian J. Biosci. 2018; 12:333–345. 

16. Mishra SP. Adsorption-desorption of heavy metal ions. Curr. Sci. 2014; 107:601–612. 

17. Abdullah MZ, Loo KP. Separation of divalent metal ions using Pandanus Amaryllifolius Roxb 

(Pandanus) leaves: Desorption study. WIT Trans. Ecol. Environ. 2006; 92:313–321.  

18. Jeon YW. Optimization of ultrasonification of slaughter blood for protein solubilization. Environ. 

Eng. Res. 2015; 20:163–169. 

19. Zhou JL, Huang PL, Lin RG. Sorption and desorption of Cu and Cd by macroalgae and 

microalgae. Environ. Pollut. 1998; 101:67–75.  

20. Ahad RIA, Syiem MB. Ameliorating potential of ca2+ on cd2+ induced toxicity on carbon 

assimilation in the cyanobacterium Nostoc Muscorum Meg 1. Res. J. Life Sci. Bioinformatics, 

Pharm. an Chem. Sci. 2018; 4:322–337.  

21. Ali H, Khan E, Ilahi I. Environmental chemistry and ecotoxicology of hazardous heavy metals: 

Environmental persistence, toxicity, and bioaccumulation. J. Chem. 2019 (2019).  

22. Igiri BE, Okoduwa SIR, Idoko GO, Akabuogu EP, Adeyi AO, Ejiogu IK. Toxicity and 

Bioremediation of Heavy Metals Contaminated Ecosystem from Tannery Wastewater: A Review. 

J. Toxicol. 2018 (2018) 2568038. 

23. Gupta A, Singh M, Pandey KD, Kumar A. Biodegradation of Xenobiotics Using Cyanobacteria. 

J. Sci. Res. 2018; 62:35–40. 

24. Abatenh E, Gizaw B, Tsegaye Z, Wassie M. The Role of Microorganisms in Bioremediation- A 

Review. Open J. Environ. Biol. 2017; 2:038–046.  

25. El-Enany AE, Issa AA. Cyanobacteria as a biosorbent of heavy metals in sewage water. Environ. 

Toxicol. Pharmacol. 2000; 8: 95–101.  

26. Issa AA, Abd-Alla MH, Ohyama T. Nitrogen fixing cyanobacteria: future prospect. Adv. Biol. 

Ecol. Nitrogen Fixat. 2014; 2:24–48. 

27. Kumar K, Mella-Herrera RA, Golden JW. Cyanobacterial heterocysts. Cold Spring Harb. 

Perspect. Biol. 2010; 2:1–20. 

28. Gupta P, Diwan B. Bacterial Exopolysaccharide mediated heavy metal removal: A Review on 

biosynthesis, mechanism and remediation strategies. Biotechnol. Reports. 2017; 13:58–71.  

 

http://www.rjlbpcs.com/


Ahad et al  RJLBPCS 2022            www.rjlbpcs.com       Life Science Informatics Publications 

© 2022 Life Science Informatics Publication All rights reserved 

Peer review under responsibility of Life Science Informatics Publications 

2022 Jan – Feb RJLBPCS 8(1) Page No.10 

 

29. Freire-Nordi CS, Vieira AAH, Nascimento OR. The metal binding capacity of Anabaena 

spiroides extracellular polysaccharide: An EPR study. Process Biochem. 2005; 40:2215–2224.  

30. Chakraborty T, Pal R. An Overview of Cyanobacterial Exopolysaccharides Features, 

Composition and Effects of Stress Exposure. Int. J. Life Sci. 2014; 8(4):1–9. 

31. Dzionek A, Wojcieszynska, Guzik U. Natural carriers in Bioremediation: A review. Electron. J. 

Biotechnol. 2016; 23:28–36.  

 

 

 

 

 

 

http://www.rjlbpcs.com/

