
INTRODUCTION

Water pollution and the waste disposal is
one of the most difficult tasks for the scientist’s world
over. Industrial wastes and discharges have been
recognized as one of the major sources of toxic
chemicals polluting the environment. Water pollution
is one of the most serious problems faced by man
today. Since, water is the universal solvent, which is
capable of dissolving or carrying in suspension a
variety of toxic materials. Several rivers and other
aquatic systems are utilized for the disposing of
industrial effluents and sewage.

Most techniques today are based on
physical displacement or chemical replacement,
generating yet another problem in the form of toxic
sludge, the disposal of which adds further burden
on the techno-economic feasibility of the treatment
process. In view of this, the development of a new
technique is necessary to meet the environmental

Biosciences, Biotechnology Research Asia Vol. 6(1), 139-146 (2009)

Nutrient recycling by Scytonoma multiramosum and
Pithophora polymorpha from match factory effluent

R. DHAMOTHARAN, S. MURUGESAN*, M. SRIDHARAN and SUMIT ROSE¹

PG and Research Department of Plant Biology and Plant Biotechnology,
Presidency College Chennai - 600 005 (India).

*PG and Research Department of Plant Biology and Plant Biotechnology,
Unit of Algal Biotechnology and Nanotechnology, Pachaiyappa’s College, Chennai - 600 030 (India).

¹PG and Research Department of Zoology, Presidency College, Chennai - 600 005 (India).

(Received: February 03, 2009; Accepted: March 10, 2009)

ABSTRACT

The quality of life on earth is linked inextricably to the overall quality of the environment.
Environmental pollution and contamination with metals has become a key area of concern.
Contamination by toxic metals in the aquatic environment is a widespread phenomenon, especially
in the developing countries where high-cost remediation technology is not affordable. Changes in
technology and manufacturing practices are providing relief to these problems. However, some of
the present methods for environmental cleaning results in the production of harmful by-products.
Hence, there is a growing need to develop environment friendly processes to clean the environment
without generating harmful byproducts. Microalgae may perform tertiary treatment due to their
ability to incorporate inorganic nitrogen and phosphorous for growth and also have the capacity to
remove heavy metals as well as some toxic organic compounds. This study examines the possibility
of using microalgae to remove metals from match factory wastewater.
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standards at affordable costs. In this regard
an innovative technology that is gaining momentum
in the field of environmental studies is
phycoremediation. This technology is a silent with
an answer for all environmental threats. The use of
bioprocess to remediate pollutants is described as
bioremediation (Mason, 1997).  This type of strategy
can offer a more suitable alternative to the
conventional physical and chemical methods.

The present study aims to analyse physico-
chemical properties of untreated and treated
wastewater and to evolve effective and economic
biological treatment method of match factory
effluent using selected microalgae namely
Scytonema multiramosum and Pithophora
polymorpha.

MATERIAL AND METHODS

Match factory effluent was collected from



140 Dhamotharan et al., Biosci., Biotech. Res. Asia,  Vol. 6(1),  139-146 (2009)

Gudiyattam, Vellore District of Tamilnadu state, India.
In order to select organism for the treatment process,
microalgal populations were collected at different
places from where the effluent was collected,
isolated and identified by using the standard manual
(Anand, 1998) and were maintained in CFTRI
medium (Singh, Dhar, Pabbi, Prasanna and Arora,
2002) and Bold Basal medium following Nicholas
and Bold (1965).

To study the role of microalgae in match
factory effluent, the following protocols were
employed. i) Effluent without Scytonema
multiramosum and Pithophora polymorpha (control)
and ii) Effluent treated with Scytonema
multiramosum and Pithophora polymorpha.
Experiments were conducted in duplicates and
repeated three times. Samples were periodically
(every 5th day) analyzed for various physico-chemical
parameters by using standard methods (APHA,
2000).  The experiment was carried out for 20 days.

RESULTS AND DISCUSSION

In the present study when the match factory
effluent was treated with Scytonema multiramosum
and Pithophora polymorpha, the colour changed
from slightly blackish to blackish green from the 5th

day onwards. The development of effective and low
cost technology for the decolorisation of wastewater
is important (Inthron et al., 2002).  Pure and mixed
algal cultures removed 50–70% of colour within three
months of incubation and colour reduction pattern
showed a rapid removal rate followed by declining
removal rate phase.  The impact of colour in aquatic
system studied by Owne (1990) and reported that
altered colour and turbidity reduce net productivity
through the alteration of photosynthesis of aquatic
plants.

Turbidity in the effluent was found to be
reduced by 60.31 percent when the effluent was
treated with Scytonema multiramosum and 48.68
percent by Pithophora polymorpha (Fig.1a). The
action of algae is primarily responsible for purification
of wastewater rapid purification depends on the
unrestricted activities and production of this
organism.  Bioflocculants are extra cellular
macromolecules that are known for their activity to
clarify turbid water.  The production of these

molecules has been observed in green algae
(Kaplan et al., 2001) and cyanobacteria (Fattam and
Shilo, 1984).  Organic suspended solids are found
responsible for the turbidity, reduced light penetration
and impairment of photosynthetic activity of aquatic
life.

Total solids in the present study reduced
by 5.45 percent when the effluent was treated with
Scytonema multiramosum and 23.59 percent by
Pithophora polymorpha (Fig.1b).

Total dissolved solids in the effluent were
found to be reduced by 67.88 percent when the
effluent was treated with Scytonema multiramosum
and 25.11 percent by Pithophora polymorpha
(Fig.1c). Similar kind of work was reported by
(Kannan et al., 2004).  The TDS in the effluent
renders it unsuitable for irrigation, hence further
treatment or dilution is necessary before the effluent
is discharged.

Total suspended solids in the effluent were
found to be reduced by 14.70 percent by Scytonema
multiramosum and 33.87 percent by Pithophora
polymorpha (Fig.1d). In the present study large
amount of suspended solids was observed which
has been discharged by industries. Similar
observations have been made by Govindan and
Sundaralingam (1977) in textile mill effluents. The
high amount of suspended solids caused stable
temperature in the effluent and could affect the
productivity by interfering with the light penetration
on the receiving wetlands.

The pH of the effluent which was 6.4 was
reduced by 5.96 with Scytonema multiramosum and
6.12 with Pithophora polymorpha (Fig.1e). The pH
of the effluent was reduced by Scytonema
multiramosum and Pithophora polymorpha. in the
medium (Subramanian, 1982; Subramanian and
Shanmugasundaram, 1986). Similar kind of acidic
nature of sugar effluent was reported by many
workers (Jesudass and Akila, 1996; Senthil kumar
et al., 2001 and Kannan et al., 2004).  Most of the
strains were found to tolerate increasing
concentrations of effluent up to 100% though there
was a different response.  Scytonema multiramosum
showed better growth in the effluent.
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Hardness of water is due to carbonate of
calcium, magnesium, silicate and phosphate.
Hardness in effluent would make it unsuitable for
industrial purpose as it may cause scaling of
equipments (Goel et al.,1994).  In the present study
calcium was reduced to 70 percent by Scytonema
multiramosum and 35 percent by Pithophora
polymorpha (Fig.1f). Similarly magnesium was
reduced to 80 percent by Scytonema multiramosum
and 8.88 percent by Pithophora polymorpha (Fig.1g)
proving efficient uptake of the algae. Even though,
calcium is undoubtedly required for cyanobacterial
growth (Fogg et al., 1973), substantial reduction in
calcium level cannot be explained by uptake.
Divalent cations such as calcium and magnesium
are known to be essential for flocculation and would
co-flocculate (Richmonad and Becker, 1986).

In the present study, 73.72 percent of
sodium was reduced when the effluent was treated
with Scytonema multiramosum and 28.18 percent
by Pithophora polymorpha (Fig.1h); similarly, 73.33
percent of potassium was reduced by Scytonema
multiramosum and 30.00 percent of potassium
reduced when the effluent was treated with
Pithophora polymorpha (Fig.1i). Kelly (1951) pointed
out the importance of sodium in assessing the
suitability of water for irrigation.  He has also stressed
that the excess of sodium ion in irrigation water
causes clogging of particles.  Increased sodium
content in effluent responsible for the high salinity
(Ramasubramanian et al., 2006).

In the present study, 11.14 percent of iron
was increased when the effluent was treated with
Scytonema multiramosum and 11.14 percent iron
was reduced by Pithophora polymorpha (Fig.1j).
Similar observations were reported by Senthil
Kumar (2001) and Kannan et al. (2004).  In the rapid
stage, the metal ions are adsorbed on to the surface
of microorganism.  In the slow stage, the metal ions
transport across the cell membrane into the
cytoplasm.  Most of the algal forms occurring in the
polluted fields have well defined sheath.  Only the
ensheathed forms of blue-green algae were found
tolerating high concentrations of industrial effluents
in laboratory culture (Adhikary, 1985; Adhikary &
Sahu, 1988).  Thus it is fairly convincing that these
outermost surface structures play an important role
in making ensheathed forms of blue green algae
thrive in adverse conditions.

In the present study, nitrate was reduced
to 7.27 percent, when the match factory effluent was
treated with Scytonema multiramosum and 24.24
percent by Pithophora polymorpha (Fig.1k). Vilchez
and Vega (1994) reported that alginate-entrapped
Chlamydomonas reinhardtii cells provide a stable
and functional system for removing nitrogenous
contaminants from wastewater. As light intensity
increased, a proportional increase in nitrate uptake
was observed. These results indicate that cellular
nitrate uptake is a growth-dependent process: the
higher the algal growth rate the higher the cellular
nitrate uptake rate. Therefore, any efforts in
improving algal growth rates will likely lead to the
enhancement of nitrate removal.  The nitrate
removal was mainly a result of assimilation by the
algae.

Chlorides are generally considered as one
of the major pollutants in the effluents which are
difficult to be removed by conventional biological
treatment methods. In the present study, 74.13
percent of chloride was reduced when the effluent
was treated with Scytonema multiramosum and
18.65 percent by Pithophora polymorpha (Fig.1l).
Uma and Subramanian (1990) observed a 30
percent chloride reduction under laboratory
conditions by Halo bacterium and only additional
12-17 percent with cyanobacteria in ossein effluent.
In the present study sulphate content in the effluent
was found to be reduced to 69.30 percent when
the effluent was treated with Scytonema
multiramosum and 55.03 with Pithophora
polymorpha (Fig.1m).  The high sulphate content in
wastewater is harmful to the aerobic and anaerobic
wastewater treatment.

In the present study phosphate content in
the effluent was found to be reduced to 46.29
percent when the effluent was treated with
Scytonema multiramosum and 25.39 percent with
Pithophora polymorpha (Fig.1n). The increase of
phosphate with all carbon sources was appreciably
low at higher NH4

+-N concentrations in the waste,
but it was quite high at lower concentrations.  The
reason attributed for such behavior was the limited
biological uptake of phosphorus. Further, the
cyanobacteria are known to absorb and store large
amounts of phosphorus as polyphosphate granules
(Fogg et al., 1973). Megharaj et al., (1992) reported
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that alginate-immobilized Chlorella vulgaris was
more efficient in removing both the nutrients (N and
P) from wastewater than Scenedesmus bijugatus.
Exponentially growing cells of both the algae effected
a greater uptake of phosphorus, whereas the age of
the cultures was found to have no direct impact on
the removal of nitrogen. Kaya and Picard (1996)
conducted an experiment with immobilized
Scenedesmus bicellularis using high and low
viscosity chitosan and konjac flour to enhance the
stability of hardened gels during tertiary treatment
of wastewaters containing high concentration of
phosphate (1M).

Higher values of BOD and COD may be
due to presence of organic and inorganic load in
wastewater which was decamping and increasing
temperature. Singh and Shrivastava (1988) found
that the higher values of BOD and COD may be due
to high organic pollution, which reduces flow of water.
Mishra and Saksena (1989) have reported that BOD
and COD are widely recognized as important
parameters for measurement of organic load or
wastewater.  The values of BOD and COD measured
through experiments for the wastewater sample
showed that the values of the BOD and COD do not
follow a linear relationship.  The BOD values in the
effluent were found to be reduced by 24.00 percent
when treated with Scytonema multiramosum and
4.00 percent by Pithophora polymorpha (Fig.1o).

The COD values in the effluent were found
to be reduced by 7.12 percent when treated with
Scytonema multiramosum and 21.01 percent by
Pithophora polymorpha (Fig.1p). The match factory
waste contains lot of complex organic compounds.
Depending on their ratios the waste stream at various
outlets, the amount of BOD’s have varied widely
compared to the COD values.  That could be the
reason that in some of the values the BOD’s have
not increased to the extent as compared to the
increase in the CODs observed.  This was due to
the presence of the compounds which are mostly
non biodegradable.  Since the ratio of the BOD and
COD values have changed depending on the type
of compounds present it is quite impossible to
determine the exact nature and amount of the
compound. In this study an attempt was made to
find out the best probable relation between the BOD
and COD.  This observation was in conformity with

the studies of Baruah et al (1996); Amudha and
Mahalingam (1999) and Kumar et al., (2001) in
different industrial effluents.

Copper exposure in the environment is
inevitable. The effectiveness of copper uptake by
microalgae grown in the match factory effluent was
studied. The results showed that a high percentage
of copper removal (69.10%) was achieved by
Scytonema multiramosum and 70.46 present by
Pithophora polymorpha reared in the match factory
industry effluent (Fig.1q).  Similar results were also
obtained by Chan et al., (1981) in mixture of
electroplating and sewage effluent. Wundram et al.,
(1996) in his study concluded that 72% of the
variability in species richness could be attributed to
increases in copper.

In the present study the zinc reduction
occurs up to 60.40 percent when the effluent was
treated with Scytonema multiramosum and 62.08
percent was reduced by Pithophora polymorpha
(Fig.1r). Zinc is an essential element for many
enzymatic activities (Cheblowski and Coleman,
1986) in plants.  However, zinc at toxic concentration
affects the growth and metabolism of green plants
(Shrotri et al., 1981).  Since heavy metals often form
the major constituents of complex industrial and
energy process wastes, they may cause cellular
abnormalities that affect the ability of cells to adjust
to polluted conditions.

CONCLUSION

The timely and cost-effective remediation
of metal and organic contaminated sites mandate
an understanding towards the extent and
mechanisms by which toxic metals inhibit organic
biodegradation.  Past attempts to quantify the impact
of metals on biodegradation are difficult to interpret
because they have generally been used on total
metal rather than solution-phase or bioavailable
metal concentrations.   The mechanisms by which
metals inhibit biodegradation vary with the
composition and complexity of the system under
study and include both physiological and ecological
components. A thorough understanding of these
systems, taking into account various levels of
complexity is needed to develop new approaches
to remediation of contaminated sites.   A number of
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approaches, including addition of metal resistant
micro algae, pH adjustment and additives that
reduce metal bioavailabity were existing.  However,
field trials are needed to validate these approaches.
Based on the results, it can be concluded that both
Scytonema multiramosum and Pithophora

polymorpha have the potential to be used in match
factory effluent treatment. Further research is
needed to evaluate the potential of micro algal
biotreatment on the large scale basis with efficient
harvesting methods.

1. Adhikary, S.P., Occurrence of ensheathed
blue green algae in the sponge Iron  factory
effluent polluted area. J. O. Bot. Soc. 7:
18-23 (1985).

2. Adhikary, S.P. and J. Sahu, Ecophysiological
studies on ensheathed blue-green algae in
a distillery effluent polluted area. Env. Ecol.
6: 915-918 (1988).

3. Amudha, P. and S. Mahalingam., Studies on
the effect of dairy effluent on survival  feeding
energetic of Cyprinus carpio. J Environ.Biol.
20(3): 275-278 (1999).

4. Anand, N., Indian Fresh Water Micro algae.
Bishen Singh Mahendra Pal Singh, Dehra
Dun. 1-94 (1998).

5. APHA. American Public Health Association.,
Standard methods for the examination of
water and wastewater, Washington, D. C,
USA 21st edition (2000).

6. Baruah, B.K.D. Baruah and M. Das., Sources
and characteristics of paper mill effluent.
Environment and Ecology. 14(3): 686-689
(1996).

7. Cernigilla, C.E., Biodegradation of polycyclic
aromatic hydrocarbons. Biodegradation. 3:
351-368 (1992).

8. Chaturvedi, M.K., Biodegradation of tannery
effluent isolation and characterization of
microbial consortium. Indian J .Env. Prot.
12(5): 335-340 (1992).

9. Cheblowshi, J and Coleman, J.E., Zinc and
its role in enzymes. In: Metal ions in Biological
systems (Biological action of metal ions) Ed:
Sigel, H, New York and Basal Marcel Dekker.
61-140 (1986).

10. Crist RH, Martin JR, Carr D, Watson JR,
Clarke HJ, Crist DR., Interaction of metals
and protons with algae. 4. Ion-exchange vs
adsorption models and a reassessment of
Scat chard plots; ion-exchange rates and
equilibria compared with calcium alginate.
Environ Sci Technol 28: 1859-1866 (1994).

11. Fattam, A. and Shilo, M., Phormedium J-1.
biofloculant production and activity. Arch.

REFERENCES

Microbiol. 139: 421-425 (1984).
12. Fogg, G.E. W.D.P. Stewart, P. Fay and A.E.

Walsby., The blue-green algae. Academic
Press Inc. (London) Ltd., London (1973).

13. Goel, PK and Kulkarni, S.M, Effects of sugar
factory waste germination of gram (Cicer
aritinum, L). J. Enviorn and Pollution (1994).

14. Govindan V. S., and Sundaralingam., Studies
on the treatment of textile mill waste Water
by stabilization Pond method.  Indian. J. Env.
Health. 21(4 ): 321-331 (1977).

15. Hamoda, M.F and Al-Awadi, S.M.,
Improvement of effluent quality for reuse in
a Dairy farm. Wat. Sci. Tech 33(10-11): 79-
85 (1996).

16. Inthorn D, Sidtitoon N, Silapanuntakul S,
Incharoensakdi A., Sorption of mercury,
cadmium and lead by microalgae. Science
Asia, 28: 253-261 (2002).

17. Jusudoss, L. Akila, L., The physico chemical
characteristics of sugar factory effluent.
Indian. J. Environ. Protect. 808-810 (1996).

18. Kannan, N., Karthikeyan, G., Vallinayagam
and Tamilnselvan. N., A study on assessment
of pollution load of sugar industry effluent.
ISEP 24(1): 256-262 (2004).

19. Kaplan, A., Department of environmental
hydrology and microbiology Research profile.
Retrieved February 25, 2003, from http://
b g u . a c . i l / B I D R / r e s e a r c h / w a t e r /
research_profile.html (2001).

20. Kaya VM, Picard G., Stability of chitosan gels
as entrapment matrix of viable Scenedesmus
bicellularis cells immobilized on screens for
tertiary treatment of wastewater. Bioresource
Technol 56: 147-155 (1996).

21. Kelly, W.P., Alkaline soils their formation
properties and reclamation.  Reinhold
Publ.Corp., New York (1951).

22. Kumar Senthil, R.D. R. Narayana Swamy and
K. Ramakrishnan., Pollution studies of sugar
mill effluent.  Physico-chemical
characteristics and toxic metals. Poll. Res.
20(1): 93-97 (2001).



146 Dhamotharan et al., Biosci., Biotech. Res. Asia,  Vol. 6(1),  139-146 (2009)

23. Lin, S.H. and Y.F. Wu., Catalytic wet air
oxidation of phenolic wastewater. Env. Tech.
17(2): 176-181 (1996).

24. Manivasakam, N., Industrial effluents origin,
characteristics, effects, analysis and
treatment. Sakthi Publ. Coimbatore., 93-100
(1997).

25. Manoharan C., and G. Subramanian.,
Sewage-cyanobacteria interaction.A case
study.  Indian J. Environ pro. 12(4): 251-258
(1992b).

26. Marwaha, S.S. Kennedy, J.F. Tewari. H.K. and
Rhedu. A., Development of conventional
technology employing immobilized yeast cell
for the treatment of dairy industry effluents
In. Ind Biotechnol. 8: 17-23 (1998).

27. Mason JR, Briganti F and Wild JR., Protein
engineering for improved biodegradation of
recalcitrant pollutants, in Perspectives in
Bioremediation, WildJR et al., Editor.,  Kluwer
Academic Publishers: Netherlands. 107-118
(1997).

28. Megharaj M, Pearson HW, Venkateswarlu K.,
Removal of nitrogen and phosphorus by
immobilized cells of Chlorella vulgaris and
Scenedesmus bijugatus isolated from soil.
Enzyme Microb Technol 14: 656-658 (1992).

29. Middledorp, P.J.M., Briglia, M. and Salkinoja-
Salonen, M., Biodegradation of
pentachlorophenol in natural soil by
inoculated Rhodococcus chlorophenolicus.
Microbiology Ecology 20: 123-139 (1990).

30. Mishra, S.R and Saxena, D.N., Industrial
effluent pollution of Birna Nagar, Gwalior. Poll
Res. 8(2): 77-86 (1989).

31. Nicholas, H.W and Bold, H.C., Trichosarcina
polymorpha gen.et .sp. F. Phycol. 1: 34-8
(1965).

32. Owne, J.W., The hazardous assessment of
pulp and paper effluent in the aquatic
Environments: A Review. Env. Conta.Chem.
10: 1531-1540 (1990).

33. Padma, N, Reddy, M.N and Ragothman, G.,
Recent trends in algal research Ed:
Subbarangiah Andhra Uni.Waltair (1997).

34. Pandey Usha and Pandey, J., Effect of
cadmium on growth, photosynthesis and N2

fixation of N. muscorum and Cyanophage N-
1 resistant mutant. Phykos 33(1-2): 19-23
(1994).

35. Ramasubramanian, A., Jeyaprakash,
R and Ramasamy, N., Assessment of
physicochemical parameters in three
industrial effluents. ISEP 26 (12)2: 1090-1092

(2006).
36. Richmond, A. and E.W. Becker.,

Technological aspects of mass cultivation. A
general outline, In CRC Handbook of micro
algal mass culture.  Ed A. Richmond, CRC
Press, Inc. Boca Raton, Florida., 245-263
(1986).

37. Senthilkumar, R.D., Narayanaswamy, R and
Ramakrishnan, K., Pollution studies on Sugar
mill effluent-physiological characteristics and
toxic metals. Poll. Res. 20(1): 93-97 (2001).

38. Shrotri, C.K. Rathore, V.S. and Mohanty, P.,
Studies on photosynthetic electron transport,
phosphorylation and CO2 fixation in Zn
deficient leaf cells of Zea mays. J. Plant. Natr.
3: 353-954 (1981).

39. Singh, P.K., Dhar DW, Pabbi, S. Prasanna. R
& Arora, A., BGA. Azolla Bertilizers – A
manual for the production.  Evaluation and
Ulitilization.  Venus Printers and publishers,
New Delhi (2002).

40. Singh, Shree Ram and Vinod Kumar
Srinivastava., Variations in water quality of
Ganga river between Buxar and Bull. Poll.
Res. (3 and 4): 85-92 (1988).

41. Subramanian, G. and S.
Shanmugasundaram., Influence of the
herbicide 2, 4-D on Nitrogen fixation and
ammonia excretion by the cyanobacterium
Anabaena. Proc Indian Natl Sci Acad. B52:
308-312 (1986).

42. Subramanian, G., Strains variation in
Anabaena, Ph.D. thesis, M.K. University,
Madurai (1982).

43. Tarlan, E., Dilek, E.B. and Yetis. U.,
Effectiveness of algae in the treatment of a
Wood based pulp and paper industry
wastewater. Bioresource Technology. 84:
1-5 (2002).

44. Uma, L. and G. Subramanian., Effective use
of cyanobateria in effluent treatment. National
symposium on cyanobacterial in nitrogen
fixation. New Delhi, 437-443 (1990).

45. Vilchez. C., Vega, J.M, Nitrate uptake by
Chlamydomonas reinhardtii cells immobilized
in calcium alginate. Appl Microbiol Biotechnol.
41: 137-141 (1994).

46. Wundram, M., Selmar, D. & Bahadir, M., The
Chlamydomonas test: a new Phyto toxicity
test based on the inhibition of algal
photosynthesis enables the assessment of
hazardous leachates from waste disposals
in salt mines. Chemosphere 32:1623-31
(1996).


