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Abstract:
The Sunderbans is the single largest block of mangrove habitat in the world with a wide diversity of algal forms and high rate of
Eutrophication. In our regular survey of this region, two abundant Chlorophytes, Ulva intestinalis , Chaetomorpha aerea and one
Rhodophyte, Gracialaria sp. were recorded in blooming conditions in different areas. These three algal genera were collected and
cultivated in synthetic wastewater to investigate nutrient remediation potentials. Ulva intestinalis was found to be the most potential
genus for nutrient remediation process, removing 8.61 µg/L/d/gBiomass Nitrate-Nitrogen, 0.06 µg/L/d/gBiomass Nitrite-Nitrogen, 5.7
µg/L/d/gBiomass Ammonium Nitrogen and 0.64 µg/L/d/gBiomass Dissolved Inorganic Phosphate along with maximum biomass
growth. On the other hand, Chaetomorpha aerea documented minimum nutrient remediation potentials among the three cultivated
genera (3.42 µg/L/d/gB Nitrate-Nitrogen, 0.047 Nitrite-Nitrogen, 4.97 µg/L/d/gB Ammonium Nitrogen and 0.53 µg/L/d/gB Dissolved
Inorganic Phosphate) with medium growth rate .Overall the Gracialaria sp. showed intermediate nutrient removal capacity with
minimum biomass yield in experimental synthetic waste water.

Introduction:
Waste water cultivation of both micro and macroalgae is a common practice to remove excess nutrients especially N
and P and other pollutants. Green algae especially Chlorella sp. is used extensively for wastewater remediation
(Wang et al. 2009).The use of macroalgae for wastewater treatment is also well recognized in parts of Europe
(Schramm 1991). Ryther et al. (1972, 1979) reported the use of seaweeds Gracilaria tikhaviae and Agardhia subulata
for the treatment of secondary municipal effluents in the USA. Apart from this, macroalgae are also utilized as nutrient
traps in Japan (Hirata and Xu 1990) and Israel (Cohen and Neori 1991). Cultivation of Ulva intestinalis and U. lactuca
in sewage enriched brackish water were also reported by Sauze in southern France (Sauze, 1983).Generally in
closed mariculture systems, Dissolved Inorganic Nitrogen (DIN) species emanating from fish waste accumulate up to
toxic levels and Ulva lactuca has successfully been utilized as an efficient biofilter for the removal of nitrogenous
species especially ammonia (Cohen and Neori 1991). Buschman et al. (2005) reported efficient capturing of nutrients
by Gracilaria chilensis from salmon tanks in Chile. The algae cultivated in the salmon tanks also yielded high quality
agar.
In the present investigation the experimental media was formulated with known salt concentration with nitrogen and
phosphorus enrichment, comparable to waste water and named as synthetic waste water. In our regular survey of
Indian Sunderbans, three species of green and red algae viz. Gracilaria sp., Ulva intestinalis and Chaetomorpha
aerea were collected from Indian Sunderbans and grown in synthetic wastewater to study their nutrient remediation
potentials together with useful biomass production. Variation in salinity and nutrient concentrations induces variation
in algal growth (Gorain et al. 2013). Hence, a constant salinity of 8ppt was employed and initial nutrient
concentrations were kept the same for all the three algae.
Materials and Methods:
a.

Collection of Algal strains:
All the three species of macroalgae, (recorded as abundant species) were collected from the brackish water
region of Indian Sunderbans, located between 21° 31´N and 22° 53´N, and between 88° 37´ and 89° 09´E in
the South 24 Pargana district,India. Samples were collected in transparent plastic bags and sealed.
In the laboratory, they were washed with water to rid of epiphytes and grown in liquid media in uni-algal
conditions. Samples were identified according to proper monographs (Prescott, 1962; Krisnamurthy, 2000,
Algaebase).
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Preparation of Synthetic Wastewater: Synthetic wastewater was prepared using natural sea salt
formulation of Central Salt and Marine Chemicals Research Institute (CSMCRI) and Calcutta University for
better algal growth (Patent no. 12826682.2-1354. 2014). The salt mixture was dissolved in tap water to
achieve a salinity of 8ppt. Sodium Nitrate and Ammonium Chloride were added to the media to achieve a
total Dissolved Inorganic Nitrogen (DIN) concentration of 30.4 mg/L with 18.23 mg/L of Nitrate-Nitrogen and
12.05 mg/L of Ammonium-Nitrogen. Nitrite-Nitrogen was found to be a minor constituent (0.125mg/L)of the
DIN species.
Cultivation of macroalgae in synthetic wastewater and determination of growth:
In each experimental set, 100 gms of biomass was taken in 30 liters of experimental medium to start open
tank the cultivation process. The tanks were kept in open sunlight with regular aeration. Fresh Weight of the
algal biomass was measured at regular intervals of three days on a digital weighing machine after thorough
but gentle soaking on blotting paper. The results were carefully recorded in terms of per gram per day
biomass production (g/d/gB)
Estimation of Nutrient Consumption:
Dissolved Inorganic Nitrogen was measured as the summation of Nitrate Nitrogen, Nitrite Nitrogen and
Ammonium Nitrogen along with total Dissolved Inorganic Phosphate (DIP). The individual parameters were
determined according to standard protocols (APHA 2000). These parameters were estimated every three
days in order to determine their nutrient consumption.

Results:
a.

b.

Growth and Biomass yield of the algae in synthetic wastewater: Among the three algal species,
Ulva intestinalis documented the highest biomass yield (0.28g/d/gB) followed by Chaetomorpha aerea
(0.13g/d/gB) and Gracilaria sp. (0.12g/d/gB). Both Chaetomorpha aerea and Gracilaria sp had
maximum biomass after 24 days of cultivation while Ulva intestinalis showed maximum biomass yield
after 21 days (Table -1;Fig. 1).
Measurement of nutrient consumption: Minimum nutrient levels were observed after maximum
biomass yield as expected. Subsequently after growth phase nutrient leaching from degraded biomass
was observed. Maximum Nitrate-Nitrogen remediation potential was observed for Ulva intestinalis
(8.61µg/L/d/gB) followed by Gracilaria sp. (6.9 µg/L/d/gB) and Chaetomorpha aerea (3.42
µg/L/d/gB).The green alga Ulva intestinalis also removed maximum Nitrite-Nitrogen from the
experimental media (0.06mg/L/d).Gracilaria sp. (0.048 mg/L/d) and Chaetomorpha aerea (0.047
µg/L/d/gB) showed almost similar rates of removal. Maximum Ammonium-Nitrogen remediation
potential was also observed for Ulva intestinalis (5.7 mg/L/d/gB) followed by Gracilaria sp (5.01
µg/L/d/gB) and Chaetomorpha aerea (4.97 µg/L/d/gB). Maximum removal of phosphate was again
showed by Ulva (0.64 µg/L/d/gB) followed by Gracilaria sp. (0.55 µg/L/d/gB) and Chaetomorpha aerea
(0.53 mg/L/d/gB) (Fig. 2-5 and tables 1 and 2).

Algal Species

Biomass
Generated
(Fresh
Weight,
G)

Number of
Days

Enteromorpha intestinalis

584.45

21

Gracilaria sp.

253.75

24

Chaetomorpha aerea

317.38

24

Table 1. Table depicting the biomass yield of the three algae in synthetic saline watewater
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Fig. 1: Figure depicting growth curves of the experimental algae in synthetic saline wastewater
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Fig. 2: Figure depicting depletion of Nitrate-Nitrogen by the three macroalgae in synthetic saline wastewater
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Fig. 3: Figure depicting depletion of Nitrite-Nitrogen by the algae in synthetic saline wastewater
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Fig. 4: Graph depicting depletion of Ammonium-Nitrogen by the three algae in synthetic saline wastewater
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Fig. 5: Graph showing depletion of Dissolved Inorganic Phosphate (DIP) by the algae in synthetic saline waste water.
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Table 2: Table depicting the nutrient remediation potentials of the three macroalgae (in µg/L/day/gB)
Algal Species

NitrateNitrogen
Remediation
Potential
(µg/L/d/gB)

Nitrite-Nitrogen
Remediation
Potential
(µg/L/d/gB)

Ammonium
Nitrogen
Remediation
Potential
(µg/L/d/gB)

Dissolved
Inorganic
Phosphorus
(DIP) remediation
Potential
(µg/L/d/gB)

Enteromorpha
intestinalis

8.61

0.06

5.7

0.64

Gracilaria sp.

6.9

0.048

5.01

0.55

Chaetomorpha aerea

3.42

0.047

4.97

0.53

Discussion:
Different anthropogenic activities have increased the supply of nutrients several fold especially Nitrogen and
Phosphorus into estuarine and marine ecosystems (Smith 2003). This increase in the nutrient content is
accompanied by different problems including deterioration of water quality, degradation of aquatic habitats,
displacement of native communities etc (Deegan et al. 2012). Eutrophication is a common problem in the Indian
Sunderbans and several studies have been carried out (Pal and Chatterjee 1992, Manna et al. 2010). The
macroalgae selected for the experiment have been designated as abundant species of this region (Satpati et al.
2012, 2013).The use of marine vegetation as a sink of atmospheric CO2 is currently a topic of intensive research.
Cultivation of macroalgae in saline wastewater serves the dual purpose of remediating the wastewater as well as
creating a means of generating usable biomass. The harvestable biomass created in the process has potential use in
various fields such as the phycocolloid industry (Kaladaharan et al. 2009), fish feed in aquaculture (Khatoon et al.
2010) or as a lipid feedstock (Barman et al. 2012). Moreover, these algae form the base of the food web and support
a wide variety of living organisms in their natural environments. Furthermore, purposeful cultivation of these
macroalgae can also serve as a deterrent to the occurrence and spread of Harmful Algal Blooms (Tang and Gobbler
2011, Yang et al. 2015). From our results, it became evident that Ulva intestinalis is the most potential alga for
remediation of excessive nutrients. Therefore, being the most abundant and productive species of this region ,it also
takes active part in pollution amelioration process of this brackish water fish producing region of Indian Sunderbans.
References
A process for the preparation of natural salt formulations for seawater substitution, mineral fortification (With CSIR),
Patent no. 12826682.2-1354. (2014)
Barman, N., G.G. Satpati, S. Sen Roy, N. Khatoon, R. Sen, S. Kanjilal, R.B.N. Prasad and Pal R 2012 Mapping Algae
of Sundarban Origin as Lipid Feedstock for Potential Biodiesel Application. J Algal Biomass Utln. 3(2):42– 49.
Buschmann, A. H., M.C.Hernández-González, C. Astudillo, L. de la Fuente, A. Gutierrez and G. Aroca 2005
Seaweed cultivation, product development and integrated aquaculture studies in Chile. World Aquaculture. 36(3):5153
Chinnasamy, S, A. Bhatnagar, R.W. Hunt and K.C. Das 2010 Microalgae cultivation in a wastewater dominated by
carpet mill effluents for biofuel applications. Bioresour Technol 101(9): 3097-3105.
Chung, I.K, J. Beardall, S. Mehta , D. Sahoo & S. Stojkovic 2011 Using marine macroalgae for carbon
sequestration:a critical appraisal. Journal of Applied Phycology 23:877–886
Cohen I., A.Neori 1991. Ulva lactuca biofilters for marine fishpond effluents I. Ammonia uptake kinetics and Nitrogen
content. Bot. Mar.3:475-482

53

J. Algal Biomass Utln. 2016, 7 (4): 49-54
eISSN: 2229 – 6905

Algae of Indian Sunderbans in remediation of synthetic saline wastewater

Deegan, L. A., D.S. Johnson, R.S. Warren, B.J. Peterson, J.W. Fleeger, S. Fagherazzi and W. M. Wollheim 2012
Coastal eutrophication as a driver of marsh loss. Nature 490: 388–392
Gao, K. and K. R. McKinley 1994 Use of macroalgae for marine biomass production and CO 2 remediation: a review,
Journal of Applied Phycology. 6 45-60 doi: 10.1007/BF02185904
Gorain PC, S.K. Bagchi Mallick N (2013) Effects of calcium, magnesium and sodium chloride in enhancing lipid
accumulation in two green microalgae. Environ Technol 34(13- 14): 1887-1894.
Kaladharan, P., S.Veena and E. Vivekanadan 2009 Carbon sequestration by a few marine algae: observation and
projection, J. Mar. Biol.Ass. India. 51: 107 – 110.
Khatoon, N., A. Choudhury, S. Sen Roy, N. Kundu, S. Mukherjee, D. Majumdar, S. Homchoudhury and Pal R 2010
Algae as feed supplement in fish nutrition. J of Bot Soc of Bengal. 64(2):85-93
Krishnamurthy, V., 2000 Algae of India neighbouring Countries I. Chlorophycota- Oxford and IBH Publishing Co. Pvt.
Ltd.
Manna, S., K.Chaudhuri., S. Bhattacharyya and M. Bhattacharyya 2010 Dynamics of Sundarban estuarine
ecosystem: eutrophication induced threat to mangroves Saline Systems2010. 6:8.
Pal, R., P. Chatterjee, and T.M. Das 1992 Algological evaluation of organic pollution level of Hugli Estuary, West
Bengal, India. Phykos. 31 (1-2):69-75
Presscott, G.W., 1962 Algae of the Western Great Lakes area, 2nd ed. Wm Brown Co. Dubuque, Iowa.
Ryther, J.H., J.A. DeBoer and B.E. Lapointe 1979 Cultivation of seaweeds for hydrocolloids and biomass for energy
conversion. Proc. Int. Seaweed Symp.9:1-16
Ryther, J.H., W.M. Dunstan, K.R Kemroe, and J.E. Huguenin 1972 Controlled Eutrophication: Increasing food
production from the sea by recycling human wastes. AIBS J. 22:144-152
Satpati, G.G., Barman N., and R. Pal 2012. Morphotaxonomic account of some common sea weeds from Indian
Sundarbans mangrove forest and inner island area. J Algal Biomass Utln. 4: 45– 51.
Satpati, G.G., N. Barman, and R. Pal 2013 A study on green algal flora of Indian Sundarbans mangrove forest with
special reference to morphotaxonomy. J Algal Biomass Utln. 4(1): 26-41
Schramm, W. 1991 Seaweeds for waste treatment and recycling of nutrients. In Guiry MD, Blunden G (eds),
Seaweed Resources in Europe: Uses and Potential. John Wiley and Sons, Chicester 149-168
Smith, S.V., D.P. Swaney, L. Talaue-McManus, J.D. Bartley, P.T. Sandhei, C.J. Mclaughlin, V.C. Dupra, C.J.
Crossland, R.W. Buddemeier, B.A. Maxwell, and F. wulff 2003. Humans, hydrology and the distribution of inorganic
nutrient loading to the ocean. BioScience 53: 235−245
Tang, Y.Z. and Gobbler C.J. 2011 The green macroalga, Ulva lactuca, inhibits the growth of seven common harmful
algal bloom species via allelopathy. Harmful Algae 10 (2011) 480–488
Wang, L., M. Min, Y. Li, P. Chen, Y. Chen,Y. Liu Y., Wang Y. and R. Ruan 2009 Cultivation of Green Algae Chlorella
sp. in Different Wastewaters from Municipal Wastewater Treatment Plant. Appl Biochem Biotechnol
http://www.algaebase.org/
Yang Y., Q. Liu, Z. Chai Z. and Y. Tang Y. 2015 Inhibition of marine coastal bloom-forming phytoplankton by
commercially cultivated Gracilaria lemaneiformis (Rhodophyta) J Appl Phycol 27:2341–2352

54

