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Abstract. Growth of Spirulina platensis, a fast growing

blue-green alga, was
studied in domestic raw sewage under laboratory conditions. The results show
that growing Spirulina platensis in domestic raw sewage with proper manipulation
is encouraging. Apart from waste water treatment, Spirulina platensis can also he
used as food and feed for cattle and poultry due to its high protein content i.e.
68~ and its easy cell wall breakability as compared to other algal Sl~Cciesand
better digestibility.
Keywords. Spirulina platensis; blue-green alga; growth potential; raw sewage
medium; continuous culture.

1. Introduction
Utilisation of algae, a single cell protein, offers great potential for replenishing the
depleting food sources for the ever increasing population. Algae, being simple
in their nutritional requirement, grow in aquatic environment by assimilating CO2
into carbohydrates using solar energy. This phenomenon is popularly known as
photosynthesis through which solar energy is converted into energy-rich food
material.
Almost all the known large scale culture methods of algae depend on clean water
culturing media with support of nutrients. Sewage, being a cheap source for the
supply of algal nutrients, may be exploited for culturing algae.
It is generally observed that when sewage is stagnated in a shallow puddle or a
ditch, in course of time, it becomes rich in algal growth. Sewage being organic
in nature is acted upon by hacteria and converted into simpler plant growth substances like nitrates and soluble phosphates. It also offers some complex growth
promoting substances such as biotin, etc. While utilising the available plant
nutrients from sewage environment algae donates oxygen through its photosynthetic activity for bacterial oxidation of organic matter. Thereby a symbiotic relationship is established between algae and bacteria in stabilisation pond.
As sewage is available in plenty, it can he used for cultivating algae while treating the sewage for safe disposal. Waste water is considered as a resource since
appreciable amounts of nutrients like nitrogen, phosphorus and potash are
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present. The typical sewage/suUage water contains about 60-70 mg/l of N,
20-25 mg/l of P and 40-42 mg/l of potash.
Naturally occurring mixed algal population in sewage stabilisation pond contains 40-50~o protein by dry weight basis (Grisanti and Oswald 1976), S. platensis,
a protein fish filamentous blue-green alga contains 60-70~o protein dry weight
basis. It is fast growing and is known for its nutritional value and consumed by
people in Central Africa where it grows in plenty (Nakamura 1970 ; Leesley 1977),
This paper describes the growth potentials of Spirulina in raw and settled sewage
and effluents of stabilisation pond and related ecological factors and nutrient
requirements governing the growth of alga.
2. Materials and methods
Stock culture of S. platensis was maintained in basal medium (Zarrouk*) irt corning conical flasks of 1 litre capacity. Both the stock cultures and experimental cultures
were maintained under artificial light intensity provided by day light fluorescent
tubes. Laboratory mass culture was maintained in 25 lit~es capacity glass carboys.
Usual care was taken for washing and sterilising the glasswares in the culture
practices. Fresh domestic raw sewage samples were collected from the supply
lines coming into Institute Campus from the city. It was allowed to settle for an
hour in Imhoff's cones and the clear supernant was used. Six to seven day-old,
actively growing cultures of S. platensis were used for inoculum. Sufficient algal
inoculum was made to give an initial optical density of 0.02 to 0.05 with red
filter on Lange's colorimeter with a wavelength between 670 to 690/z. This wide
band was selected as most of the green pigments have a maMmum absorption
within that range.
Growth of alga was regularly monitored by measuring optical density (OD)
with Lange's colorimeter. The algal growth was also expressed in dry weight
with the help of a standard graph showing the straight line relationship between
OD and dry weight of algae.

2.1.

Experimental set-up

2. la. Growth of S. platensis was studied in sewage (pH 7.8) and its progressive
dilutions with basal medium and. distilled water. 150 ml aliquots of the samples
were taken in 250 ml flasks. All the experiments were maintained in triplicate
controls.
2. lb. Nutrient amendments : The effects of major nutrients such as nitrate on
the growth potential of S. platensis in sewage medium were studied by amending
* Composition of Zarrouk's basal medium is given below (g/l): sodium bicarbonate(NaHCOa)-18.00; sodium nitrate (NaNOa)---2"5; potassiumsulphate (K2SO4)--1"C0; magnesium sulphate
(MgSOl)--0-2; calciumchloride (CAC12)--0"04; ferrous sulphate (FeSOt" 2H20)--0"01; EDTA-0"08; micronutrient solution--1 ml (pH--8" 2).
Micronutrient solution contains following chemicals (g/l): boricacid (H~BOa)--2.88;
manganese chloride (MnCI2.4H20)--1.8; zinc sulphate (Zn804)---0"222; ammonium molybdatz (NHa)dMoTO~.4H20)---0"777; copper sulphate (CuSO4.5H20)--0"079.
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them at various concentrations. The nitrate effect was further studied i n. the
presence or absence of magnesium sulphate.
2. lc. Continuous culturing set-up of S. platensis in sewage: For continuous
culturing of S. platensis in sewage, glass carboys (25 litres capacity) were used.
To start with, S. platensis culture (2 1) raised on basal medium was placed in glass
carboy. To this, periodic additions of raw sewage were made. The maximum
liquid level in carboy was kept to 16 litres. While adding raw sewage regularly, care
was taken to see that there was no reduction in the growth of test organism.
Whenever it was found that there was no proper growth or less growth of S. platensis, the addition of raw sewage was discontinued for a while and also the amount
of raw sewage added has been manipulated towards this end. To raise a logarithmically growing culture in 16 litres, it look almost 10-15 days. From then onwards,
daily additions of raw sewage was maintained in 1.5 litres aliquots. In this set-up
it was found that S. platensis grew continuously without any trouble. The maximum algal growth per litre was found to be around 500-600 mg by dry weight.
Production of alga, thus, was 1000 to 1200 mg by dry weight for 16 litres for 24 hr.
3.

3.1.

Observations

Effect of sewage on the growth of S. platensis

Growth potential of S. platensis was good, showing sigmoid curve in alkaline basal
medium, while it did not grow well in raw sewage (BeD around 350 ppm, pH 7.8)
and in tap water (figure 1). Growth of S. platensts in basal medium lasted for
about 10 days showing that the nutrients are in plenty in basal medium and they
may be limiting in sewage.
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Figure 1. Growth of Spirulinaplatensis in raw sewage, basal medium and tap water.

3.2.

Effect of basal medium amendment to sewage

To find out the factors that could enhance the growth of S. platensis in sewage,
studies were carried out by culturing S. platensis in sewage, sewage fortified with
b&=_~_Jmedium as control. The experiment with sewage was carded out to deterP. (B)--6
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mine whether there was any inhibitory substance in it. It was oblerved (figure 2)
that S. platensis grew well in sewage fortified with basal medium in the proportion
as low as 8: 2. It was also observed that the differences irt the growth of S. platensis
in sewage and synthetic basal medium combination from 8 : 2 to 2 : 8 were
very marginal. No inhibition of the growth of S. platensis was observed in
sewage. However, the growth of S. platensis was less in sewage as compared to
syntheLic basal medium indicating that m, trienls in sewage may limit the support
for algal growth.

3.3.

Effect of sewage dilution

These studies have shown that diluted sewage has proctuced l~etter growth than
raw sewage. Fifty per cent .dilution appears to be critical for better growth of
this organism (figure 3).

3.4.

Effect of nutrient amendment on the growth of S. platensis

3.4a. Addition of sodium bicarbonate : Sodium bicarbonate at the concentration
"of2--4g/! in sewage was optimum for the growth of S. platensis (figure4).
Decrease in the growth potential was observed at the concentration of 10 g/l and
above. Addition of sodium bicarbonate (2 g/l) to sewage not only enhanced the
growth of S. platensis but also brought the pH of sewage to optimum, i.e. 8.0--8.2
for the growth of S. platensis, hence the same concentration of sodium bicarbonate
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Figure 2.

Growth of Spirttlina platetqsisin raw sewage fortifiedwith basal mediuln.
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Figure 3. Growth of Spirufina platensis in raw sewage diluted with distilled water.
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Figure 4. Growth potential of Spirulina in raw sewage (R.S.) fortified withsodium
bicarbonate.

was used as in sewage medium for growing S. platensis for nutrient amendment
experiments.
3.4b. Addition of nitrate-n~trogen to sewage : Growth of S. platensis was
directly proportional (figure 5) to the concentration of sodium nitrate in sewage
from 2 g/l to 8 g/l. Growth retarding effects of nitrate were observed at 10 g/l
and above. Difference in the growth potentials at 2 g/l to 6 g/l was not prominent.
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Figure 5. Growth potential of Spirulina platensis in raw sewage (R.S.) fortified
with sodium nitrate.

3.4c. Addition of magnesium sulphate : Enhanced growth of S. platensis was
observed at 0.1 and 0.2 g/l of magnesium sulphate amendment (figure 6). Growth
retardation was observed at concentrations higher than 0.2 g/l.
3.4d. Addition of other nutrients : Preliminary experiments have shown that
the amendment of other nutrients such as potassium di-hydrogen phosphate
(0.01-0.04 g/l), ferrous sulphate (0.01-0.04 g/l), potassium sulphate (0.1-1-0 g/l)
and calcium chloride (0.01-0.04 g/l) have no effect on the growth of S. platensis.
On the whole, addition of sodium bicarbonate, sodium nitrate and magnesium
sulphate were found to be essential for the growth of S. platensis in sewage.
3.4e. Addition of sodium nitrate and magnesium sulphate together with sewage:
Growth of S. platensis was studied in sewage fortified with sodium nitrate (at 2
to 3 g/l) and magnesium sulphate (at 0.1 to 0.4 g/l) in combination. S. platensis
grew well in all these combinations, however, there was decrease in the growth
potential of alga with the increased magnesium sulphate concentration (figure 7).
This effect of magnesium sulphate on the growth of alga was reduced with
increasing nitrate concentration.

3.5.

Mass culturing of Spirulina platensis in sewage

Experiments with continuous culture of S. platensis in sewage medium in glass
carboys with varying detention times were carried out. Growth of S. platensis
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Figure 6. Growth potential of Spirulina platensis in raw sewage (R.S.) fortified with
magnesium sulphate.
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Figure 7. Growth potential of Spirulina platensis in sewage .fortified with sodium
nitrate and magnesium sulphate.
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was more dense and healthy in the experimental cultures with 8-10 days detention time than with 15 days detention time.

4. Discussion
Experiments conducted to grow S. platensis in sewage and in sewage fortified with
nutrients under laboratory conditions have shown that when the culture was maintained in raw sewage alone, the growth was not appreciable (figure 1), however,
better growth was obtained in sewage amended with nutrients at different proportions and also in diluted sewage. Possible reasons for this effect may be the deficiency of available nutrients in raw sewage and high turbidity in raw sewage causing
less light penetrability under the laboratory conditions. One of the other reasons
may be the near neutral pH condition that generally exists irt raw sewage.
Increased growth rate of alga observed in 50~o diluted sewage in comparison to
raw sewage indicates that the turnover of algal nutrients are not quite appreciable
in raw sewage at least under laboratory conditions, which may he one of the
factors for poor growth of S. platensts in unamended raw sewage. The effect of
dilution of sewage on the growth of S. platensis may have to be studied further.
As the sewage is considered many times deficient in available carbon for algal
growth (Goldman et al 1971) sewage was added with sodium bicarbonate as the
inorganic carbon source for the growth of S. platensis. Sodium bicarbonate amendments which were done at 18 g/l in the synthetic basal medium, could be reduced
to art optimum level of 2 g/l in sewage medium. The data obtained in this study
indicate that 2-t6 g/l of sodium bicarbonate amendments have produr good growth
of this test alga. It was also interesting to note that the differences in the magnitude of growth produced by sodium bicarbonate between 2-6 g/1 were quite marginal
(figure 4) and 2 g/l of sodium bicarbonate amendment is enough for culturing of
S. platensis in sewage.
Experiments oil nitrate amendment studies, show that the growth of S. platensis
was proportional to the nitrate concentration. The optimum concentration found
was 1-2 g/l. As the raw sewage contains negligible amount of nitrate at least in
the beginning, its poor growth is unders~.andable in unamended raw sewage.
Experiments dealing with amendments of other ingredien!s such as magnesium
sulphate, ferrous sulphate, potassium s~:lphate, potassium dihydrogen phosphate
and calcium chloride which were generally used in synthetic basal medium, to the
sewage for obtaining the optimum growth of S. platensis have shown that magnesium sulphate only is essential to be supplemented. The effect of magnesium
sulphate causing enhancement of the growth of S. platensis in sewage is not well
understood at present. Nevertheless, magnesium is considered as essential element
in the nutritional make-up of domestic sewage because it is an integral part of the
chlorophyll molecule and is required for the formation of catalase and its deficiency
has been correlated with the interruption of cell division in Chlorella and Ankis.
trodesmus resulting in abnormally larger cells (Round 1966).
The experiments to replace sodium with potassium in tb.e form of potassium
nitrate could not support the good growth of S. platensis in raw sewage medium.
This observation accords with the earlier report that requirement ot sodium i~,
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absolt, te for the growth of blue-green algae, however, large amounts proved to
be inhibitory which account for the lack of blue-green algae in marine waters
(Round 1966).

4.1.

Mass culturing of S. platensis in sewage medium

It has been found on contint, ous culturing, as described in w2, that in a 16 1 culture medium daily replacement of 1.5 1 of raw sewage medium was found to be
optimum for obtaining the maxifnum growth of alga. On re~ching the steady
state of growth, the algal concentration in the carboy had obtained tl-.e level around
600 mg/l on dry weight basis. This works ot, t to be a 10 day-detention for daily
addition of 1.5 1 of raw sewage in carboy culture ; hence while proposing to establish S. platensis in nature in s'abilisation pond set t,p, nothing less ll~an 10 day
detention should be worked out in secondary treatment plant or it may have to
he introduced at tertiary stage of trea*.ment to obtain better growth of tb.is organism.
Stabilisation pond which is considered to be a cheap method in sewage treat.
meat specially in tropical countries has great potential for cultivating protein rich
algae such as S. platensis wilh slight modifications in tee operalion of the sewage
treatment plant set-up. It has been shown from the same treatment plant
(Vittal Rao and Krishnamoorthi 1979) teat a m~xed algal population of 114
tonnes]kectare/annum can be oblaiw.ed as by-product while tl~.e sewage is treated
to the required s'aadard for disposal. As the mixed algal population contains
around 40-50~o protein by dry ~eight basis, cultivation of S. platensis, a much
superior algal form with reference to protein value wot, ld offer a great potential.
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