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ABSTRACT 
 

Wastewaters of industries like textile and tannery contain large quantities of salts besides 
chromium (VI) ions which pose serious environmental problems and need to be removed to 
meet the environmental standards. With increasing emphasis on bioremediative techniques 
new microbial systems are being explored. In this context the present study reports on 
sodium and chromium (VI) tolerance of Nostoc punctiforme, a filamentous, heterocystous 
cyanobacterium isolated indigenously from soil for its potential use in bioremediation of 
such wastewaters. Various  parameters like biomass, chlorophyll content, exopolysaccharide 
(EPS) production and percent  removal of  Na+ and Cr (VI)  were  studied  in  response  to  
varying  Na+ concentrations  

(55mM and 110mM corresponding to electrical conductivity 5 and 10 dSm-1 using NaCl) 
and Cr (VI) concentrations (0.05, 0.1, 0.15 and 0.2 mM corresponding to 5, 10, 15 and 20 
mg/L using K2Cr2O7). These treatments were given keeping in view the range of 
concentration of total dissolved solids (TDS) and Cr (VI) in the wastewaters of textile 
industries. The Nostoc punctiforme strain was found to be both halophilic and Cr tolerant as 
it showed significant increase in dry weight in response to salt and Cr (VI) stress. 
Chlorophyll concentration of the cyanobacterium under salt stress was significantly more 
(P<0.05) as compared to that of control, showing 4 to 5.5 times increase. The 
cyanobacterium also showed 2 times increase in biomass in response to Cr (VI). 
Exopolysaccharide (EPS) production by the cyanobacterium increased when exposed to 
higher concentration of salt or Cr (VI) which seems to play a role in metal biosorption. 
Scanning electron micrographs (SEM) of the exopolysaccharides also revealed complete 
coverage of the rough EPS surface by the metal indicating its biosorption on the exopolymer 
surface. Bioremoval of salt and metal ions by the EPS of the cyanobacterium suggest that it 
can be used in bioremediation programs of wastewaters containing these metals. 
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INTRODUCTION 
Industries like tannery and textile are 

predominantly found to pose serious 
environmental problems due to high total 
dissolved solids (TDS) and heavy metals 
mainly chromium (VI), in their effluents. 
The non biodegradable and toxic nature of 
heavy metals released into the environment 
become a cause of alarm, as they have 
serious adverse impacts on biological 
systems including human beings. Cr (VI) is a 
hazardous contaminant found in wastewaters 
of textile and electroplating industries1-3. In 
the recent years lot of attention is being paid 
to remove metal and salts ions from aqueous 
solutions so as to meet the standards of 
maximum permissible limits of TDS and 
heavy metals. Biological surfaces are 
reported to play a very important role in 
removal of metal ions due to the presence of 
various functional groups, which interact 
with dissolved metal ions, and regulate their 
concentration in water column4-6. Different 
functional groups present on the surface of 
organisms have been known to influence 
bioavailability as well as toxicity of various 
metals. There are several reports on metal 
sorption potential of various species of 
bacteria, cyanobacteria, fungi, yeast etc. but, 
among these cyanobacteria have their own 
importance in bioremediation, due to large 
biomass production, simple growth 
requirements, nitrogen fixing capability and 
photosynthesis7. In the environment 
cyanobacterial populations are regulated by 
many environmental stresses like salinity8 
and heavy metal stress. Indigenous strains, 
found from such sites which are exposed to 
different stresses for a long duration are 
likely to possess inherent tolerance and thus 
may prove more useful for bioremediation. 
Cyanobacterial strains which have tolerance 

for both salts and Cr (VI) ions may prove 
useful for treatment of tannery and textile 
industry effluents.  

In the present investigation, an 
indigenously isolated strain of Nostoc 
punctiforme has been studied for its tolerance 
to sodium and chromium (VI) metal ions, its 
exopolysaccharide production and removal 
of Na+ and Cr (VI) from aqueous medium. 

Objectives 
1. Tolerance of Nostoc towards sodium 

ions and Cr (VI) metal. 
2. Exopolysaccharides (EPS) 

production at different concentration 
of sodium (Na+) and Chromium (VI). 

3. Removal of Cr (VI) by EPS from 
aqueous solutions. 

MATERIAL AND METHODS 
Cyanobacterial isolation and 

culturing: Nostoc punctiforme HH-19 was 
isolated from highly saline soil of Haryana, 
India. Pure culture of cyanobacterium was 
obtained by repeated streaking and plating at 
pH 8.5 using standard isolation and culturing 
techniques using BG-11 medium9. Broth 
cultures of the cyanobacterium were 
maintained at a light intensity of 3000 lux 
using cool fluorescent tubes at 28±3oC in 
culture room. 

Metal and Salt Tolerance studies: 
Biomass and chlorophyll content of the 
cyanobacteria were studied in response to 
varying Na+ concentrations. Treatments of 
Na+ were given by spiking the BG-11 
medium with 55mM and 110mM of Na+ 
using AR grade NaCl. These concentrations 
of Na+ in the aqueous medium corresponded 
to total dissolved solids (TDS) range of 
3200-6400 mg/L.  
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Likewise, tolerance of the cyanobacteria 
towards Cr (VI) was studied in response to a 
range of concentrations. The metal 
treatments were given by spiking the BG-11 
medium with Cr (VI) concentrations of 0.05, 
0.1, 0.15 and 0.2 mM using AR grade 
K2Cr2O7. These concentrations of Cr (VI) 
correspond to 5-20mg/L, which is the 
reported range of Cr (VI) in wastewaters of 
textile industries. 

Metal sensitivity test was performed on 
7, 10 and 14 day growth stage of the 
cyanobacterium by measuring the 
absorbance of the cyanobacterial culture with 
different metal treatments at 600nm and 
660nm using spectrophotometer. 

Chlorophyll estimation was carried out 
by hot extraction method10 in which 
cyanobacterial suspension was centrifuged at 
5000 rpm for 15 min and the pellets so 
obtained were washed repeatedly with 
distilled water. 10 ml of 95% methanol was 
added to tubes and incubated at 60oC for 15 
min and absorbance of the supernatant was 
measured at 650nm and 665nm. The 
concentration of chlorophyll was calculated 
as:  

Total Chlorophyll (mg/ml) = 2.55x 10-2 

O.D. 650 + 0.4x 10-2 O.D.665 

For determining cyanobacterial biomass, 
1ml inoculum of the strain was added to 
10ml nutrient broth for each treatment in test 
tubes, and incubated at 27±3oC under 
continuous light, for 15 days and dry weight 
was recorded by collecting and oven drying 
the cyanobacterial mass on a weighed filter 
paper. 

Estimation of extracellular 
polysaccharides (EPS): This was done 
following Moore and Tischer11. Filterate of 
algal culture was concentrated by boiling to a 

volume of 5ml. After cooling 15ml of 95% 
ethanol was added to the concentrated 
filterate to precipitate the EPS which were 
collected by centrifugation. Precipitates were 
washed with ethanol, dried at room 
temperature, and then dried overnight in 
desiccator over concentrated sulphuric acid 
and weighed. 

Metal removal studies 
Chromium (VI) Adsorption: 

Exopolysaccharides were precipitated and 
frozen after isopropanol addition into culture 
solution containing EPS (1:1 ratio). Then 
precipitates of exopolysaccharides were 
filtered with ashless Whattman filter paper 
and then digested with diacid HNO3 and 
HClO4 solution (3:1 ratio). Digested mixture 
was diluted to 50ml and residual metal was 
estimated by using spectrophotometer-106 
(Systronics) at 540 nm, using 1-5- diphenyl 
carbazide reagent as a complexing agent12. 

Removal of Na+ ions by the 
cyanobacteria was estimated by determining 
the difference in Na+ concentration, the salt-
spiked medium in the beginning and after 15 
days of cyanobacterial growth. Estimation of 
sodium was done using Flamephotometer-
129 (Systronics). In order to assess the 
amount of Na+ adsorbed on cell surface, the 
cyanobacterial mass collected on a screen 
was thoroughly washed several times with 
deionised water and Na+ concentration in 
biomass was estimated. The difference 
between total Na+ removal and that in 
cyanobacterial biomass after washing gave 
an external of Na+ adsorbed by mucilaginous 
cell surface. 

Cr (VI) biosorbtion studies 
Different concentrations of the metal 

were prepared from stock solution of 
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1000mg/L. Experiments were conducted in 
250 ml Erlenmeyer flasks to determine the 
optimal contact time at which metal 
sequestration by EPS is maximum. Batch 
studies were performed to determine the 
sorption equilibrium for Cr (VI) onto the 
cyanobacterial EPS serving as biosorbent. 
100ml cell free culture containing EPS was 
taken in triplicates at optimized pH 2 and 
initial metal ion concentration 20mg/L13 and 
then flasks were shaken for varying time 
intervals of 5, 10, 15, 30, 45, 60, 120, 150, 
and 180 minutes at 120 oscillations per 
minute at 25oC. Concentration of Cr (VI) 
ions in aqueous medium was analyzed in 
acid solution using spectrophotometer-106 
(Systronics) at 540nm, using 1, 5-diphenyl 
carbazide as a complexing agent12. 

Surface morphology of the dried EPS 
sample before and after exposure to Cr (VI) 
was studied by scanning electron microscope 
(Philips PSEM 515). 

RESULTS AND DISCUSSION 
Nostoc punctiforme HH-19, which was 

indigenously isolated was found to be 
halophilic as well as tolerant to low 
concentrations of Cr (VI). 

Dry weight of Nostoc punctiforme 

(Table 1 and Table 2) increased with 
increase in the concentration of Na+ as well 
as Cr (VI) concentration in the tested range. 
About 5.5 times increase at 110mM and 2 
times increase at 0.2mM Cr concentration 
was observed, indicating not just tolerance, 
but adaptation of the strain to these 
concentrations of Na+ and Cr. The major 
photosynthetic pigment chlorophyll also 
showed statistically significant (P<0.05) 
increase at higher salt concentrations as 
compared to control. 

Exopolymer Production: About 26 to 
35 % higher EPS production by the 
cyanobacterium took place in Na+ spiked 
medium, whereas it was more in low Cr 
spiked medium indicating stimulation of 
exopolymer production by the cyanobacteria 
in the presence of these ions in the medium. 

Sodium adsorption on surface: The 
potential of cyanobacterial surface 
(mucilaginous sheath) in absorbing the Na+ 
ions from the medium was more at higher 
salt concentration. At the 110mM 
concentration of salt 0.47% of Na+ ions were 
absorbed, whereas at 55mM adsorption was 
0.17% (Table-1). It shows that at higher 
stress, there was increase in the adsorption 
efficiency. 

Table 1 : Biomass, chlorophyll content, exopolysaccharides and Na+ adsorption by 
Nostoc under salt Concentration of 55 and 110 mM 

Values within rows having no superscripts (a, b, c) in common are significantly different 
(P<0.05) based on t-test. 

 CONTROL 55 mM NaCl 110 mM NaCl 
Dry Weight (mg/10ml) 15.0a 60.0b 82.0c 
Chlorophyll (mg/10ml) 0.04a 0.072b 0.116c 

Exopolysaccharides (mg/10ml) 23a 28.9bc 32.0c 
Na+ Adsorption on surface of cell (%) - 0.17a 0.47b 
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Chromium Sensitivity Test: Chromium 
(VI) concentrations ranging 0.05mM to 
0.4mM were given to test cyanobacterial 
sensitivity towards the metal. Cyanobacterial 
growth was observed in terms of absorbance 
at 600 and 660nm using spectrophotometer. 
Fifty percent growth reduction was observed 
at 0.2mM concentration of Cr (VI). Based on 
the LD50 concentration, exopolysaccharides 
production by N. punctiforme was estimated 

at Cr (VI) metal ion concentrations ranging 
from 0.05 to 0.2mM.  

Contact time optimization: Removal of 
hexavalent chromium by EPS of 
cyanobacterial strain was found to be time 
dependent and there was maximum removal 
at 120 min. (Fig. 1.). However, percent 
removal somewhat declined beyond 120 
minutes. While 80-90% removal took place 
at 60-120 minutes, it was 74% at 180 
minutes. 

Percent removal of Cr (VI): Percent 
removal of chromium by EPS was also 
estimated at different concentrations of Cr 
(0.05 to 0.2mM). Removal of chromium was  

maximum at 0.05mM (95.7%) and it 

decreased with increase in the metal ion 

concentration (Table-2). 

Table 2 : Biomass, exopolysaccharides and % removal of Cr (VI) by  
Nostoc at different Cr concentration 

Values within rows having no superscripts (a, b, c) in common are significantly different 
(P<0.05) based on t-test. 

 

 CONTROL 0.05mM 0.1 mM 0.15mM 0.2mM 
Dry Weight 
(mg/10ml) 21.5a 27.4b 33.57c 38.2cd 41.8d 

Exopolysaccharides 
(mg/10ml) 0.036a 0.064b 0.079c 0.052d 0.048d 

% Removal of Cr 
(VI) - 96a 91.2b 91b 90.1b 

 
Fig. 1 : Effect of contact time on % removal of Cr (VI) from aqueous solution  

by EPS of cyan bacterial strain 
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Scanning Electron Microscopy (SEM): 
Fig. 2(A) shows the scanning electron 
micrographs of dried extracellular 
polysaccharides of Nostoc punctiforme 
revealing a rough surface with depressions 
and grooves, indicating availability of 
probable binding sites for ions. Total 

coverage of the surface of EPS is distinct in 
Fig. 2(B) as white encrustations indicating 
Cr biosorbed on the surface of EPS. Thus 
both experimental results of metal removal 
and scanning electron micrographs indicate a 
major role of EPS of N. punctiforme in 
biosorption of metal ions. 

Adsorption isotherms: In order to 
understand, compare and predict the 
biosorption process and surface 
characteristics of the EPS serving as 
biosorbent, Langmuir and BET isotherms 
were applied to the equilibrium data.  

Langmuir Isotherm14, which assumes 
homogenous distribution of binding sites 
over the surface of the adsorbent, is 
expressed in its linearized form as follows: 

Ce/qe = 1/Qob + Ce/Qo       (1) 
Where Qo = adsorption capacity, Ce = 

equilibrium concentration (mg/g), qe = 
amount of metal adsorbed at equilibrium 
(mg/g), b = Langmuir constant 

A curve was plotted between Ce/qe vs. Ce 
and from the intercept and slope of the curve 

values of Q0 and b were calculated, which 
are presented in Table 3. 

Brunauer, Emmer and Teller (BET) 
model15, which assumes that first layer of 
molecules adheres to the surface with energy 
comparable to heat of adsorption for 
monolayer sorption and subsequent layers 
have equal energies. This adsorption 
isotherm is an extension of the Langmuir 
model. 

Equation is expressed in its linearized 
form as follows: 

Cf/(Cs-Cf)q = 1/Bqmax- (B-1/Bqmax) 
(Cf/Cs)       (2) 

Which shows that a plot of Cf/ (Cs-Cf)q 
vs. (Cf/Cs) should give a straight line whose 
intercept is 1/ Bqmax and slope is (B-1/Bqmax). 

 (A) (B) 

 
Fig. 2 : Scanning electron micrographs of exopolysaccharides (EPS) of Nostoc punctiforme (A) 

before metal adsorption and (B) after metal adsorption. 
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Where Cs is the saturation concentration 
(solubility limit) (mg/L) of the solute, Cf is 
solute equilibrium concentration B and qmax 

are two constants and can be evaluated from 
the slope and intercept, which are presented 
in Table 3. 

Table 3 : Isotherm constants of Langmuir and BET models for Cr (VI) biosorption on 
EPS surfaces of Cyanobacterial strain 

 
R2 values (0.8060 for Langmuir and 

0.8180 for BET isotherms) show better 
applicability of BET isotherm for explaining 
biosorbtion on the EPS as compared to 
Langmuir isotherm. The higher values of 
qmax and B also indicate the same16.  

CONCLUSION 
In the natural habitat different kinds of 

stresses occur together instead of a single 
stress. Hence cross resistance, adaptation or 
tolerance is found to develop in different 
organisms including cyanobacteria. 

In the present investigation, N. 
punctiforme HH-19 that was isolated from 
salt effected soil of Haryana, India has not 
only shown distinct halophilism but also Cr 
tolerance in 0.05 to 0.2 mM range. 
Production of exopolysaccharides by the 
cyanobacteria is stimulated both by Na+ and 
Cr and play a vital role in binding the Na+ 
and chromium. There are many negatively 
charged functional groups present on algal 
polysaccharides which seem to be involved 
in metal binding. Thus, the present strain can 
be successfully exploited for the removal of 
salts and Cr (VI) from wastewaters of textile 
and tannery industries. 
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Grow tree, Feel the Environment free 
 
Save water for Safe future 

 
If U protect Nature, Nature will protect U 


