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A B S T R A C T  

Excessive generation of wastewater is one of the major reasons for pollution in natural reservoirs. 
Given the normal circumstances, natural water bodies revive and rejuvenate themselves; but upon 
increased waste load, the self-revival system of the ecosystem slows down, causing water pollution. 
Hazardous waste, especially heavy metals and organic pollutants, have affected the ecology to the 
detriment of humans. Thus, the need arises for wastewater treatment, before its discharge. Current 
methods undertaken include the use of physical settling of solid waste, filtration, aerobic and 
anaerobic microbes, and chemical treatments. Low removal of pathogens, dependence on the 
uninterrupted power supply, high maintenance cost, generation of explosive biogas and 
bioaccumulation of chemicals are some disadvantages of activated sludge technology, one of the 
modern technologies used. Hence, the focus has been shifted on organisms capable of metabolizing, 
immobilizing or absorbing toxic compounds from their environment, making it both environment-
friendly and cost-effective. This review provides perspicacity about the generation of sewage and the 
various methods available for its treatment. Emphasis is made on bioremediation using Spirulina 
platensis. Since the organism assimilates the bioavailable contaminants of sewage water 
photosynthetically; it can overcome the demerits of conventional methods. It also discusses 
possibilities of using Spirulina grown on the sewage as a food supplement, animal fodder or source 
of bioactive compounds. 
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Introduction 

Anthropogenic pressures on the environment bring about 
radical transformations in the ecosystem; leading to imbalance 
and long-term effects. Water pollution causes alterations in 
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water quality and negatively affects the proper use of water. One 
of the major social and economic concerns is the scarcity of 
potable water. Thus, it has become a need of the hour to secure 
this natural resource. 
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The present domestic wastewater collection, treatment and 
disposal amenities, in Mumbai, were given in the 1880s by the 
governing civic body - Brihanmumbai Municipal Corporation 
(BMC) - and continued with some development (Gupta et al., 
1998). Around 2700 million litres per day (mld) water out of the 
3700 mld that is provided by the municipality is tossed into the 
rivers, lakes, streams or oceans untreated, which accounts for 
90% of total wastewater discharged (UNEP Document 
Repository, 2002). With the waste overload, the self-revival and 
self-purification systems are disrupted, leading to problems 
such as excessive utilisation of dissolved oxygen (DO) 
(Sperling, 2007). 

Developed countries or regions have been dealing with the 
problem of water pollution by removal of nutrients and micro-
pollutants especially biodegradable organic matter and 
pathogens, together with attention to stormwater drainage 
(Amin et al., 2014). Treatment of wastewater is of utmost 
importance to be able to recirculate the finite resource of water 
on Earth. 

Heavy metal contamination is a global concern as improper 
discharge poses serious threats to the environment and public 
health due to persistence, biomagnification and 
bioaccumulation (Rehman et al., 2007; Wang & Chen, 2009; 
Samantaray et al., 2014; Beauvais-Flück et al., 2018). Heavy 
metals cannot be biodegraded but can be biotransformed 
(Boopathy, 2000; Juwarkar et al., 2001; Wexler, 2004). Their 
bioavailability and toxic potential influence the pH, organic 
matter and nutrient status of water. Consequently, heavy metals 
may be potentially toxic and hazardous to plants, animals and 
ultimately humans (Tchounwou et al., 2012). 

The focus is on sustainable development for a sustainable 
environment, due to health-related issues of environmental 
pollution (Elleuch et al., 2018). Balancing the thin edge between 
the advancement of technological and economic development, 
and environmental conservation has been the main focus of 
sustainability and sustainable development. Human health and 
examining the long-term outcomes of the actions are aspects 
that sustainability deals with, apart from just about the 
environment (WCED, 1987; Boopathy, 2000). 

Bioremediation 

Bioremediation or Green Remediation involves the 
biological deterioration of contaminants into less toxic or non-
toxic compounds, using plants, fungi and/or microorganisms 
(Pierzynski et al., 1994; Abou-Shanab et al., 2011). It is a tactic 
of taking into account all ecological effects of remedy 
implementation and incorporating options to ratchet up net 
environmental benefits of cleanup actions. It aids in 
mineralizing organic pollutants, partially transforming them or 

altering their mobility. Bioremediation intensifies the natural 
rate of degradation of contaminants by facilitating the 
indigenous microbes, fungi or plants with nutrients, carbon 
sources, or negatron donors (biostimulation, bio-restoration) 
or by supplementing enhanced microbial cultures that have 
distinct characteristics to degrade the required pollutant at a 
faster rate (bioaugmentation) (Mackay & Frasar, 2000; Gouma 
et al., 2014). 

Bioremedial agents use organic carbon from the 
contaminants as an energy source, in turn breaking down the 
contaminants (Boone & Castenholz, 2001). Some bioremedial 
organisms might not mineralize the pollutant instead produce 
a more potentially toxic compound (Wexler, 2004), but the use 
of a different organism can work efficiently. Thus, it is 
important to understand the metabolic and chemical pathways 
of the said organism, before its use in bioremediation (Juwarkar 
et al., 2001). 

Spirulina platensis 

Spirulina Turpin ex Gomont, 1892 was first isolated by P. J. 
Turpin from a freshwater lake. Spirulina platensis (Gomont) 
Geitler 1925 (Figure 1) is a non-branched, helicoidal, 
filamentous, Gram-negative cyanobacteria (Whitton, 1992; 
Boone & Castenholz, 2001; Sánchez et al., 2003). It is 
identifiable by the organisation of the multicellular barrel-
shaped trichomes in an open left-hand helix on the entire 
length. They show a transverse cross wall and seem as a non-
heterocystous filament (Paramanya et al., 2019); these filaments 
are composed of vegetative cells that experience binary fission 
in a single plane (Vonshak et al., 1996; Habib et al., 2008). Its 
cell wall comprises a weak envelope, created of multiple layers 
of peptidoglycan and lipopolysaccharide (Wan et al., 2016). 
Spirulina is the commercial name for Spirulina platensis, from 
which a blue pigment - phycocyanin - is extracted (Eriksen, 
2008). 

Figure 1. External morphology of Spirulina platensis (Koristka, 
1891) 

The major photosynthetic pigment in Spirulina sp. is 
phycocyanin; it conjointly includes chlorophyll a and 
carotenoids with it. Some may also contain phycoerythrin, a 
reddish pigment; these pigments facilitate Spirulina sp. to 
absorb energy from the sun (Habib et al., 2008; Capelli & 
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Cysewski, 2010; Mary Leema et al., 2010). It is an obligate 
photoautotroph (Barrón et al., 2007); in light conditions, it 
reduces carbon dioxide and chiefly assimilates nitrates 
(Richmond, 1986). They also have a mutualistic interaction 
with nitrogen-fixing bacteria that fix nitrogen from the air (Vo 
et al., 2008). 

It thrives naturally in alkali soda lakes, especially in Africa 
and Mexico (Ciferri, 2008; Wan et al., 2016). Saline water (>30 
g/L) with pH 8.5-11.0 favours good growth, especially in areas 
with higher sun’s radiation (Vo et al., 2008); Optimum growth 
is between 35-39°C (Richmond, 1986). Extensive Cultivation of 
Spirulina sp. is straightforward and ensures high biomass for 
extraction, separation and refinement of high-value bioactive 
compounds (Barrón et al., 2007). Microalgae like Spirulina sp. 
are ‘biofactories’ that have rapid growth and low nutrient 
necessities (Masojídek & Torzillo, 2008). Contamination is low 
as many do not flourish in the high salt environment and 
generally grow as a unialgal population (Komárek & Lund, 
1998). 

Spirulina sp. consists of 55-70% protein, 15-25% 
carbohydrate, 5-6% total lipids, 6-13% nucleic acids (DNA and 
RNA), and 2.2-4.8% minerals; 25% branched carbohydrate of 
the total polysaccharide is structurally comparable to glycogen 
(Hosseini et al., 2013). It constitutes 1.5-2% Polyunsaturated 
Fatty Acids (PUFAs) of the total lipid content (Wan et al., 
2016). Different non-saponifiable lipids such as paraffin, 
terpene alcohol and sterols are present (Falquet, 2008). It is a 
source of vitamins, viz. B1 (Thiamine), B2 (Riboflavin), B3 
(Niacin), B6 (Pyridoxine), B9 (Folate), B12 (Cobalamin) and 
minerals (Cu, Ca, Fe, Cr, Mn, Mg, P, Se, Na, and Zn). 

Since the 1500s, it has been a popular food supplement for 
diets of humans, poultry, livestock and aquaculture – a 
comprehensive protein source (Wan et al., 2016; Paramanya et 
al., 2019). Most blue-green algae produce toxins, microcystins, 
but food supplements of S. platensis have so far been cleared for 
consumption (Koristka, 1891; Chamorro & Salazar, 1990). If 
accurately defined free from contaminants and adulterants, it is 
considered ‘Generally Recognized as Safe (GRAS)’ by the Food 
and Drug Administration (Paramanya et al., 2019). 

Given all these nutritional qualities of the microalgae, its use 
in long term use as dietary supplements in Mars missions and 
other space flights is being scrutinized for (Paramanya et al., 
2019). Also, its use in developing countries for malnutrition was 
suggested by the World Health Organization (WHO) in 2012. 
The potential applications in combating the food crisis bring 
forth the necessity for effective and mass production of 
Spirulina sp. to achieve the requirement. 

Phycocyanin is used as a natural colouring agent in food and 
beverages (Buchweitz, 2016). It has pharmacological activity 

and a clinically therapeutic effect (Paramanya et al., 2019). 
Other bioactive compounds in Spirulina sp. are γ-linoleic acid 
(Wan et al., 2016; Tanticharoen et al., 2009), sulfated 
polysaccharides (Hayashi et al., 1996), sulfolipids (Barrón et al., 
2007), and insulin-like protein (Anwer et al., 2012). Spirulina 
sp., other than its popular and extensive application in the food 
industry and pharmaceuticals, in recent times, is used in 
genomic studies and also as a model for physiological studies, 
especially to understand nitrogen assimilation. Spirulina sp. has 
also found an application in bioremediation. 

Spirulina sp. in Bioremediation 

The environment is susceptible to heavy metals because of 
their persistence and toxicity (Samantaray et al., 2014). Many 
industries discharge untreated heavy metal waste and pollute 
soil or water resources. These non-biodegradable pollutants 
accumulate in the food web (bioaccumulation) and disturb the 
ecological balance by magnifying up the trophic levels 
(biomagnification). Conventional water treatment is 
dominated by physical and chemical strategies, and traditional 
infrastructure, represented by classical control and treatment 
plants, viz., evaporation, ion exchange, electroplating, 
membrane processes or precipitation, to eliminate persistent 
heavy metals, particularly from liquid waste. They are also high 
in energy consumption and quite expensive (Priyadarshani et 
al., 2011). 

The enormous potential of biotechnologies in 
bioremediation is unjustifiably ignored (Cepoia & Zinicovscaia, 
2002). Bioremediation can complete and enhance the efficiency 
of traditional technologies. Microorganisms have evolved many 
bioprocesses in the presence of heavy metals, viz. Pb, Cu, Cd 
and Zn from wastewater below 50 mg/L, such as transportation 
across the cytomembrane, biological adsorption to outer cell 
walls and accumulation in extracellular capsules, precipitation 
and redox reactions (Chen & Pan, 2002). Microbes exploit the 
chemical properties of the metals that are selectively acquired, 
for catalyzing reactions and also for maintaining protein 
structure (Murali & Mehar, 2014). 

Due to their ability to survive extreme environments and 
metabolise a variety of compounds, cyanobacteria are 
promising in degrading peculiar pollutants and removing 
heavy metals from wastewater (Kumar et al., 2016). It was 
found that cyanobacterial growth depends solely on the 
penetrating light and temperature, whereas nutrients and 
agitation are not the limitations (Torzilla & Vonshak, 1994). 
Various systems, therefore, are tested for their applicability to 
enhance the effectiveness and economic feasibility (Martinez et 
al., 2000). Anabaena variabilis, Lyngbya majuscule, Nostoc 
muscorum and Oscillatoria salinas are established 
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cyanobacterial treatment systems, especially for textile industry 
effluents (Kumar et al., 2016). 

Cyanobacteria perform photosynthesis in distinctive folds 
instead of chloroplasts, as they lack internal membrane-bound 
organelles like green plants. Several functional groups 
(carboxyl, phosphonate, amine and hydroxyl groups) are 
present on the bacterial cell wall that helps with metal binding 
and biosorption (Doyle et al., 1980). Certain cyanobacterial 
strains produce Extracellular Polymeric Substances (EPS), 
which potentially absorb heavy metals from their surroundings 
(Kulkarni et al., 2010). Biosorption on lignocellulosic wastes 
and by-products was identified as an alternative to the existing 
waste management technologies applied for toxic metal ions 
and dyes. Studies have demonstrated the use of bacteria as 
biosorbents - for example, Streptomyces sp. (Saurav & 
Kannabiran, 2011). Since marine environments are 
characterised by the presence of high salt and ion contents, the 
use of marine organisms for bioremediation of metals present 
in sewage is considered (Deng & Wang, 2012). 

Spirulina sp. can be cultivated worldwide, in hot and 
alkaline environments; the culture ensures hygiene, as no other 
organisms can survive and contaminate the culture. There is 
very little information about the use of Spirulina platensis in 
bioremediation technologies (Soeprobowati & Hariyati, 2014) 
but has been considered an excellent candidate for 
bioremediation due to its tolerance for toxic heavy metals and 
biosorption capacity (Murali & Mehar, 2014; Çelekli et al., 
2012). It was first used for domestic wastewater treatment in 
1974 (Dolatabadi & Hosseini, 2016). The bioremediation 
potential of Spirulina sp. has also been utilised to exclude heavy 
metals and limit the saturation of nitrate and phosphorus in 
water bodies (Fariduddin et al., 2017). 

Additionally, this cyanobacterium is also used for 
bioremediation of water polluted with petroleum hydrocarbons 
(Ciferri, 1983), pesticides (Khan et al., 2005), estrogens (Shi et 
al., 2010), radioactive elements (Fukuda et al., 2014) and 
fluoride ions (Tabagari et al., 2019). Spirulina sp. was used for 
biosorption of Cr3+, Cd2+ and Cu2+ ions (Chojnacka et al., 2005). 

Culturing S. platensis in low metal concentrations can be 
potentially used for tertiary treatment of metal-contaminated 
effluent (Dolatabadi & Hosseini, 2016). Several researchers 
have also attempted to find suitable desorbing solutions to 
recover metals from the biomass after cultivating it on 
wastewater; such reuse of the biological sorbent is better at 
addressing both environmental and economic issues (Mehta et 
al., 2002). Miazek et al. (2015) suggested the use of metal-
containing wastewater as replenishment for microalgae growth 
in nutrient-deficient media. 

Spirulina sp., though has a meagre capacity to bind to metal 
ions and a low tolerance for heavy metals, has considerable 
potential to precipitate them (Fariduddin et al., 2017). Using 
Spirulina sp. as a precipitation agent has gained attention 
recently; the passive metal ion adsorption rate was observed to 
be accelerated in S. platensis (Doshi et al., 2007). A study by 
Kőnig-Péter et al. (2015), studied the biosorption efficiency of 
S. platensis–S. maxima cells in a system containing 1.0 g/l; it was
found that about 80% of the heavy metal ions could be removed, 
in the optimal pH range of 4-6. The specific adsorption of both
Pb2+ and Zn2+ increased at low concentration and decreased
when dead S. platensis biomass concentration exceeded 0.1 g/l
(Palaniswamy & Veluchamy, 2017). A study by Al-Homaidan
et al. (2015) showed greater than 91% of Pb2+ removal at a
concentration of 2g of S. platensis in 100 mg/l of lead initial
concentration (pH 3; 26°C). S. platensis has great potential as
an eco-friendly bio-adsorbent for the removal of Copper from
aqueous solutions (Çelekli et al., 2012). S. platensis has shown
to be effective in bioremediating dyes; the potential was
enhanced using micro or nanoparticles (Dotto et al., 2019).
Thereby, it can assist in designing and developing low-cost
approaches for the large-scale synthesis of nanoparticles and
bioremediation approaches (Priyadarshini et al., 2019).

Nitrate and phosphorus contamination is another major 
problem of freshwater sources. Due to its mixotrophic nature, 
S. platensis has the potential to reduce biological oxygen
demand (BOD) of high carbon-containing wastewater
(Kulkarni et al., 2010). Application of Spirulina sp. to minimise
and eliminate nitrate and phosphate from the wastewater is
established (Fariduddin et al., 2017).

Most of the research conducted for the exclusion of heavy 
metal from wastewater used dead biomass. The use of dead 
biomass is favourable - it can tolerate high concentrations of 
toxic heavy metal ions, nutrient supply is not unnecessary and 
culture conditions are not limiting (Mehta et al., 2002; Kőnig-
Péter et al., 2014); thus, a potentially cost-effective way of 
removing toxins from industrial wastewaters (Rangsayatorn et 
al., 2004). Studies about processes for heavy metal uptake by 
dead biomass Spirulina are available (Rangsayatorn et al., 
2004), but sparsely for the use of its live biomass. Doshi et al. 
(2007) first proposed live Spirulina sp. as a stronger candidate 
than dry biomass for the management of industrial wastewater. 
Future work is necessary as many uncertainties are associated 
with the development of wastewater treatment by live biomass 
of Spirulina sp. (Chen & Pan, 2002). 

Chen & Pan (2004) concluded that living Spirulina cells had 
a high tolerance to lead (concentration below 50 mg/L) and are 
good adsorbing agents. The growth response of Spirulina to 
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toxic heavy metals depends on the metal involved as in its 
mechanism of tolerance (Thomson & Kurup, 2010). According 
to Thomson & Kurup (2010), Zinc (up to 10 μg/ml) and Iron 
(up to 100 μg/ml) showed a growth-promoting effect in S. 
platensis and established the order of toxicity, 
Hg>Ni>Cu>Zn>Fe (Thomson & Kurup, 2010). Murthy et al. 
(1989) demonstrated that Mercury ions at low concentrations 
affect the transfer of energy within phycobilisomes and at high 
concentrations showed 50% inhibition of Hill activity in S. 
platensis (Murthy et al., 1989). In another experiment, heavy 
metal-treated S. platensis showed capability for the 
accumulation of tenfold more Cu and Zn than control cells 
(Nalimova et al., 2005). 

No concrete evidence for the mechanisms of heavy metal 
toxicity in S. platensis has been reported (Nalimova et al., 2005), 
but it can be related to the precipitation of heavy metals, 
reduction to unavailable compounds or production of 
complexes with secreted metabolites Tomsett & Thurman 
(1988). 

Use of Sewage as the Medium for S. platensis and its 

Applications 

In India, National Environmental Engineering Research 
Institute (NEERI), Nagpur has developed an algae cultivation 
technique in sewage oxidation pond systems. While, mass 
production of Single Cell Protein (SCP) from cyanobacteria on 
sewage is established by National Botanical Research Institute 
(NBRI), Lucknow and Central Food Technological Research 
Institute (CFTRI), Mysore. The SCP is produced and is further 
utilised as animal feed (Kulkarni et al., 2010). Algae on sewage 
serve a dual purpose of cleaning up potential environmental 
pollution and producing valuable protein. Similarly, an 
effective and cost-efficient technique needs to be established for 
cyanobacteria. 

Wastewater is used as a source of nutrients; S. platensis is 
found to grow better in diluted sewage when improved with 
sodium carbonate or sodium bicarbonate and nutrients in 
different proportions. This further screened, is added to 
aquaculture to feed fish or dried in a small solar drier for animal 
feed (Kulkarni et al., 2010). Soeprobowati & Hariyati (2014) 
suggested the use of S. platensis as a metal absorbent and further 
as fertiliser, after bioremedial processes. Lead, Mercury, 
Cadmium and Arsenic are common in agricultural areas and 
also frequently adulterate Spirulina cultures (Al-Dhabi, 2013). 

Michalak et al. (2019) studied the potential of S. platensis as 
a biosorbent for nutrients. They further also proposed its 
application as a valuable carrier of metal ions for the production 
of bioactive additives for the improvement of insulin resistance 

in horses. The commercially grown and consumed Spirulina 
supplements have traces of inorganic elements and heavy 
metals, in the concentration that do not exceed the present 
regulation levels. If appropriate measures are taken, they can be 
considered safe food (Al-Dhabi, 2013). This application is the 
potential to combat the issues of contaminated biomass. 

Some changes in the Spirulina sp. occur after being used to 
bioremediate sewage. Studies report a decrease in the biomass 
of Spirulina platensis, pigment (phycocyanin) concentration 
and changes in their chemical pathways when grown on metal-
rich medium or sewage (Doke et al., 2015). The rising 
concentration of heavy metals undeviatingly affects the 
phycocyanin generation in Spirulina sp. (Doke et al., 2015). Cu 
and Zn were reported to directly affect the photosynthetic 
pathways, resulting in a decline in cell growth (Nalimova et al., 
2005). In vivo, Mercury results in the breakdown of both light 
and dark photosynthetic reactions, by substituting the central 
atom of chlorophyll, magnesium (Patra & Sharma, 2000). 

Changes and variations in the biomass yield and chemical 
composition of Spirulina should be considered for extracting 
bioactive compounds or in its application as a food supplement 
or fertiliser. Spirulina platensis is a potential organism for a 
cost-effective and environment-friendly wastewater treatment 
technique. 

Conclusion 

Overpopulation and heavy industrialization in the 2000s 
have increased the generation of wastes and sewage, which 
when treated is let out in the water bodies. Physicochemical 
methods of sewage treatment are mostly environmentally 
degrading and require heavy machinery, increasing the cost of 
the process. Consequently, the centre of attention has shifted to 
bioremediation. Microorganisms utilise the organic and 
inorganic nutrients from the sewage, thereby reducing the 
pollutant load. Photosynthetic cyanobacteria, such as Spirulina 
platensis, can thrive and reproduce in lower bioavailability. 
Because of their simple growth requirements such as sunlight, 
carbon dioxide; easiness in their genome manipulations and 
well-documented applications, there is a need and a good 
chance for optimal utilisation of cyanobacteria. Hence, 
Spirulina platensis is an organism of choice for bioremediation. 

With several bioactive compounds and catalytic enzymes, 
this cyanobacteria has proven to degrade heavy metals as well 
as biological contaminants. Moreover, the biomass generated 
during sewage treatment can be utilised to extract commercially 
valued products (bioactive compounds) or nutrient-enriched 
food supplements for humans and animals. 
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Even though S. platensis has many advantages, it needs to be 
explored for using its potential at maximum levels. Its industrial 
application for mass production of the desired compound is 
technologically challenging and will need high-efficiency 
photosynthetic bioreactors with minimum operating costs. 
There is a need to develop cultivation systems that harness the 
photosynthetic capability of S. platensis for discovering green 
paths to produce industrial products. That being said, S. 
platensis is a potential, dual solution for combating issues of 
wastewater treatment and mass-production for further 
application. 
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