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1. INTRODUCTION 

As an essential nutrient for living things, phosphorus (P) is vital for industry 

growth and agronomic production. Phosphorus plays an important role in agriculture 

and industrial systems (Withers et al., 2015). Organic and inorganic compounds are 

deliberately released into the atmosphere by means of domestic, agricultural and 

industrial wastewater pollution. However, over a long period, phosphate-rich 

wastewater discharge from agriculture and industry has caused phosphate enrichment 

and extreme-level eutrophication of aquatic habitats, endangering both human health 

and the ecology in the water (Diaz and Rosenberg, 2008; Bacelo et al., 2020; Conley et 

al., 2009). Eutrophication caused by excessive phosphate has become a global 

environmental issue that urgently needs to be solved due to its destructive effect on the 

ecosystem and adverse effect on human health. The process of eutrophication involves 

the gradual enrichment of a body of water, or portions of it, with minerals and nutrients, 

especially nitrogen and phosphorus. Eutrophication is normally thought to occur when 

phosphorus concentrations exceed 0.1 mgL-1 (Kumar et al., 2019). Therefore, effluent 

phosphate from the wastewater must be removed before sewage water is discharged. 

Phosphorus is widely used in agriculture and is an essential component in fertilizer and 

feed, but it is a non-renewable resource. Because natural phosphate ores are a non-

renewable mineral resource that is slowly depleting, their sustainability is severely 

constrained (Withers et al., 2015). Phosphate has finite natural reserves and will likely 

run out in 50 to 100 years (Zhang et al., 2016) . As a result, phosphate removal and 

recycling from wastewater is receiving more and more attention for various reasons, 

including the sustainable development of contemporary agriculture and industry and the 

treatment of eutrophic water (Bacelo et al., 2020). 
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Several methods have been devised for this aim, including chemical 

precipitation, biological therapy, and adsorption (Chen et al., 2015; Ye et al., 2017; Egle 

et al., 2015). However, chemical precipitation and biological treatment have drawbacks, 

including high costs, significant secondary pollution, and ineffectiveness at a relatively 

low phosphate concentration (Hu et al., 2020; Ye et al., 2017). Contrarily, adsorption is 

environment-friendly, easy to use, very economical, and maintains a strong adsorption 

activity even at low phosphate concentrations (Ma et al., 2017). In order to remove and 

recycle phosphate from wastewater, it is therefore generally considered to be a viable 

technique. 

A variety of absorbents have been used to remove and recycle phosphate from 

wastewater, including metal oxides/hydroxides (Yu et al., 2019; Xiang et al., 2019), 

minerals (Wei et al., 2018), porous silica (Huang et al., 2014), zeolites (Mitrogiannis et 

al., 2018; Li et al., 2020a), polymer-based absorbent (Liao et al., 2018; Zhang et al., 

2016; Hu et al., 2020; Wang et al., 2016a, b). Nature contains a wide variety of 

phosphate sorbents. The most typical types are those made of metal hydroxides and 

metal oxides. The difficulty in isolating and recycling metal oxides/hydroxides from the 

solution prevents their widespread use even if they have a high capacity to adsorb 

phosphate (Zhang et al., 2019; Liu and Zhang, 2015). Moreover, the limited adsorption 

activity, high cost, non-renewable raw resources, and unfavorable environmental impact 

of most minerals, porous silica, zeolites, and polymer-based materials are drawbacks 

(Xu et al., 2016; Bacelo et al., 2020; Ogata et al., 2011). In contrast, adsorbents derived 

from biomass waste have gained considerable interest due to their many advantages, 

including low cost, abundant renewable raw materials, and environmental friendliness 

(Dai et al., 2020; Trazzi et al., 2016; Liu et al., 2020). 
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There are two different kinds of biomass-derived adsorbents: biomass-derived 

carbonbased materials made by carbonizing biomass feedstock and biomass-based 

composites made by directly functionalising biomass feedstock. In addition to 

recovering phosphates from wastewater, the development of biomass-derived 

adsorbents could encourage value-added applications for biomass wastes (Banu et al., 

2019; Dodson et al., 2015; Wang et al., 2020). As a result, this is an active area of 

research, and the number of publications on phosphate adsorption using adsorbents 

derived from biomass is steadily rising over time. 

Organic matter dominates the content of municipal and industrial effluents. 

Organic material in wastewater is removed using a variety of procedures, and treated 

water contains just a small amount of removed organic material. The potential of the 

soil is greatly enhanced by the small amounts of organic matter and nutrients. The plant 

operation parameters range affects the concentration and composition of organic matter. 

Advection, sorption, volatility, air stripping, biotransformation, and degradation are the 

typical removal mechanisms of xenobiotics, which are foreign substances and trace 

organic substances (Stevens Garmon et al., 2011; Byrns 2001). 

1.1. Phosphate in wastewater 

In many industries, including contemporary agriculture, phosphorus is regarded 

as a vital mineral. Wastewater contains three main types of phosphates: 

orthophosphates, condensed phosphates including pyrophosphates, metaphosphates, 

and polyphosphates, and organic phosphates (Yousef et al. 2019; Bacelo et al. 2020). 

Orthophosphate (PO4), which also goes by the names phosphoric acid (H3PO4), 

dihydrogen phosphate (H2PO4
-1), hydrogen phosphate (HPO4

-2), and phosphate ion 

(PO4
-3) is present in wastewaters in amounts ranging from 50 to 70 percent (Yin et al., 
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2018). In lakes, reservoirs, controlled water systems, and

 coastal water zones, dissolved phosphates in wastewater are to blame for 

eutrophication (Zhao and Sengupta, 1998). The water becomes dirty, polluted, and unfit 

for use for any other purpose at concentrations higher than this one (Awual et al., 2011). 

The growth of aquatic photosynthetic bacteria is accelerated by phosphates. 

Eutrophication occurs when the phosphate concentration exceeds 0.02 mg/L. (Yao et 

al., 2011; Kilpimaa et al., 2014). Water quality declines due to eutrophication, which 

also lowers the amount of dissolved oxygen in the water, rendering it unfit for further 

use. As a result, cyanobacteria that produce toxins can develop quickly in an 

environment that favors them. Waterborne outbreaks are brought on by the presence of 

soluble phosphates. It affects how much drinking water is produced, outdoor activities, 

and the environment (Akpor, 2011). 

A higher phosphate concentration increases the cost of water treatment so that it 

can be used for different things. Dead algae and other organisms that easily oxidise in 

wastewater result in a reduction in water quality as well as its eventual unusability. 

Enhanced biological phosphate removal (EBPR) is a procedure that lowers the quantity 

of phosphates discharged into the aquatic environment (Korostynska et al., 2012; Wang 

et al., 2020; Nassef, 2012). The toxicity of phosphates affects humans and aquatic life, 

which can lead to tumor lysis syndrome, rhabdomyolysis, and compromised renal 

function (Kumar et al., 2016). 

The utilisation of microalgae in treating wastewater has been an emerging topic 

focused on finding an economically sustainable and environmentally friendly approach 

to treating wastewater. Because it has less demanding growth requirements and is 

simpler to collect due to its filamentous structure, A. platensis is a better choice for the 

tertiary wastewater treatment. However, using this microalga to treat effluent has a 
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number of advantages, including lower culture costs and the generation of highvalue 

algal biomass. Almost all types of wastewater, including secondary treated wastewater, 

sago starch factory effluent, pig wastewater, and anaerobically treated swine 

wastewater, can be used to cultivate A. platensis. 

Due to the high levels of nitrogen and phosphorus needed for their growth, 

microalgae are known to have a remarkable capacity to consume nutrients from 

wastewaters. Microalgae biomass is a potential source of valuable chemicals and other 

goods, as well as enabling efficient wastewater treatment, and has recently attracted a 

lot of interest (Vuppaladadiyam et al., 2018). It has been shown that a number of 

microalgae strains can efficiently lower the amount of phosphorus in different kinds of 

wastewater (T. Cai et al., 2013; Whitton et al., 2015). Moreover, when accessible, algae 

have the capacity to absorb substantial amounts of phosphorous in the form of specific 

organic compounds and inorganic orthophosphate 

(Pi). 

There are two mechanisms used by microalgae to remove phosphorus. The most 

frequent method is direct remediation, which involves the intake of nutritional 

components into the biomass for the creation of nucleic acids and proteins through 

biochemical pathways. Furthermore, phosphate can be taken up by microalgae via a 

different absorption mechanism and stored as an acid-insoluble polyphosphate granule. 

The increase of biomass and metabolite activity are typically linked to the remediation 

of phosphate. According to the literature, environmental factors that affect the 

cultivation of microalgae, such as temperature, irradiation, mixing, and aeration, are 

related to remediation (Whitton et al., 2015). 

1.2. Arthrospira platensis 
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Arthrospira (Spirulina) platensis is Blue-green algae (cyanobacteria), among 

the most primitive life forms on Earth. Their cellular structure is a simple prokaryote. 

They share features with plants, as they are photosynthetic microalgae. They also share 

features with primitive bacteria because they lack a plant cell wall and characteristics 

of the animal kingdom as they contain on their cellular membrane complex sugars 

similar to glycogen. Among blue-green algae, both edible and toxic species adapted to 

almost any of the most extreme habitats on Earth. Moreover, these can be consumed by 

humans and animals. Edible blue-green algae, including Nostoc, Spirulina, and 

Aphanizomenon species, have been used for food for thousands of years. (Saranraj et 

al., 2014). One of the trends in biotechnology is associated with Blue green microalgae 

A. platensis, which has been widely employed as a food and feed additive in agriculture, 

the food industry, pharmaceuticals, perfume making, medicine, and science (Sivasakthi 

et al., 2014). 

A. platensis has been used as food for centuries by different populations and has 

only been rediscovered recently. The Aztecs and other Mesoamericans, until the 16th 

century, used Spirulina as a food source. Once classified as the - blue-green algae, it 

does not strictly belong to the algae, even though it continues to be referred to in that 

way for convenience. It grows naturally in the alkaline waters of lakes in warm regions. 

It generally takes the form of tiny green filaments coiled in spirals of varying tightness 

and number, depending on the strain. Its impressive protein content and its rapid growth 

in entirely mineral environments have attracted the attention of both researchers and 

industrialists alike. A. platensis is a unicellular, filamentous bluegreen alga that has 

grown significantly in popularity as a protein and vitamin supplement to aquaculture 

diets and in the health food sector. Those who live close to the alkaline lakes where it is 

naturally found have long utilised it as a food supplement. A. platensis has been 

https://en.wikipedia.org/wiki/Aztecs
https://en.wikipedia.org/wiki/Mesoamericans
https://en.wikipedia.org/wiki/Mesoamericans
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employed as an additional dietary component in fish, prawns and poultry feed. Among 

the various species of Arthrospira, the bluegreen alga A. platensis has drawn more 

attention because it shows a high nutritional content characterised by a 70% protein 

content and by the presence of minerals, vitamins, amino acids, essential fatty acids, etc 

(Campanella et al., 1999). 

Arthrospira platensis is commonly found in aquatic ecosystems like lakes, 

ponds, and tanks. It is one of nature’s first photosynthetic organisms capable of 

converting light directly for complex metabolic processes. Arthrospira platensis has 

been used for food from time immemorial by tribes living around Chad Lake in Africa 

and as a nutritional supplement known as “dihe”.The predominant species of 

phytoplankton in the lake is A. platensis. The algae A. platensis was eaten in Mexico 

under the name ‘Tecuitlatl’ (Farrar, 1996). Arthrospira platensis grows optimally in the 

pH range of 9 - 11, and there is the slightest chance of contamination by other microbes. 

1.2.1. Morphology of Arthrospira platensis 

A. platensis is symbiotic, multicellular, and filamentous blue-green microalgae 

with symbiotic bacteria which fix the nitrogen from the air. The shape of A. platensis 

can be like a rod or disk. The main morphological feature of A. platensis genes would 

be the arrangement of the multicellular cylindrical trichome. The photosynthetic 

pigment of A. platensis is phycocyanin, and its colour is blue. This type of bacteria 

contains chlorophyll and carotenoids. Some bacteria contain pigments like 

phycoerythrin, which is red and pink. A. platensis is photosynthetic, so, therefore, it is 

autotrophic. The reproduction of A. platensis is due to binary fission. Arthrospira 

platensis has a screw like trichome with a generally closed, uniform, and narrow 

diameter from 0.5-3 µm. Cells with cross walls are visible under a light microscope, 
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without gas vacuoles, and with prominent granules. The trichomes are up to 4 µm wide 

and range from 50 to 500 µm. Gram-negative bacteria share peptidoglycan and 

lysozyme-sensitive heteropolymer in their cell walls with cyanobacteria. Environmental 

factors that affect helix geometry are temperature and physical and chemical conditions. 

One of the drastic alterations in the geometry is the reversible transition from helix to 

spiral shape while transferring the filaments from liquid to solid media (Ahsan et al., 

2008). 

1.2.2. Scientific classification (Raghuraman et al., 2021) 

Domain: Bacteria 

Phylum: Cyanobacteria 

Class: Cyanophyceae 

Order: Oscillatoriales 

Family: Microcoleacea 

Genus: Arthrospira 

Species: A. platensis 

 

Figure 1. Light microscopic images of A. platensis 

1.2.3. Natural habitat 
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Arthrospira platensis can be found in soil, marshes, freshwater, brackish water, 

ocean, and thermal springs. It grows well in alkaline, saline water (>30 g/l) with a high 

pH (8.5-11.0), especially in tropical regions with high levels of solar radiation at 

altitude. Arthrospira platensis and A. maxima flourish in highly alkaline lakes in Africa 

and Mexico, where the cyanobacteria population is almost monospecific. The likelihood 

of Arthrospira spp. predominating increases with water conductivity and pH. This is 

evident in the lakes of the Rift Valley in Eastern Africa, where sodium carbonate is 

common, and pH values can reach 11. Arthrospira platensis was isolated from waters 

containing 85 to 270 g of salt per litre, with optimal growth between 20 and 70 g. This 

microorganism's ability to utilise ammonia as a source of nitrogen at high alkaline pH 

values may be explained by a cytoplasmic pH that is relatively high (4.2 to 8.5) (Sason, 

1997). 

Like most cyanobacteria, A. platensis is an obligate photoautotroph, meaning it 

cannot thrive on a substrate containing organic carbon molecules in the dark. In the 

presence of light, it absorbs primarily nitrates while reducing carbon dioxide. Glycogen 

is the primary assimilation by product of spirulina photosynthesis. In a lab setting, A. 

platensis exhibits optimal development between 35 and 37 °C. A brief rise in 

temperature of up to 39 °C outside has no adverse effects on the blue-green alga's 

capacity to photosynthesise. Arthrospira platensis is a thermophilic or thermotolerant 

strains and can be grown at temperatures between 35 and 40 °C. The advantage of such 

a property is that it eliminates mesophilic microbial contaminants. Arthrospira platensis 

can develop at a minimum temperature of roughly 15 °C during the day. It can endure 

reasonably low temperatures at night. Certain species of spirulina are known to have 

high U.V. resistance (Richmond, 1986). 
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A fundamental aspect of A. platensis biology is its life cycle due to the 

taxonomic, physiologic, and cultivation implications (Vonshak, 1987). This period is 

summarised in three fundamental stages: trichomes fragmentation, hormogonia cell 

enlargement, maturation processes, and trichome elongation. The mature trichomes are 

divided into several tiny filaments or hormogonia through the previous formation of 

specialised nephridium cells, in which the cell material is reabsorbed, allowing 

fragmentation. The number of cells in the cosmogonies is increased by binary fission. 

In this process, the trichomes grow lengthwise and take their helical form (Balloni, et 

al., 1980). 

1.2.4. Life cycle of A. platensis 

The life cycle of A. platensis is crucial to understanding its biology because of 

the consequences it has for taxonomy, physiology, and production (Ciferri, 1983; 

Richmond, 1984). Trichomes fragmentation, hormogonia cell enlargement, maturation 

processes, and trichome elongation are the three main phases that best describe this time 

period. By first forming specialised cells called nephridium cells, in which the cell 

substance is reabsorbed to allow fragmentation, the mature trichomes are split into many 

tiny filaments or hormogonia—binary fission results in an increase in the number of 

cells in the cosmogonies. The trichomes grow longitudinally and assume their helical 

shape during this procedure (Balloni, et al., 1980). 
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Figure 2. Life cycle of A. platensis (Kashani, 2015). 

Accurately determining when man first used microalgae is unknown. Three 

things have come before the current usage of these resources: custom, advancements in 

science and technology, and the so-called "green trend" (Henrikson,1994). A soldier 

under Hernán Cortez named Bernal Díaz del Castillo wrote in 1521 that A. maxima were 

taken from Lake Texcoco, dried, and sold for human consumption in a market in 

Tenochtitlán (modern-day Mexico City). According to one author, "..Natives took out 

of the lake small cakes made of a mud-like alga that has a cheeselike flavour and was 

used to make bread" (Ciferri, 1983). Years later, the Franciscan priest Bernardino de 
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Sahagn wrote: “... extremely soft things are harvested from Mexican lakes during 

specific times of the year. They have a curd-like appearance and a clear blue tint and 

are used to produce baked bread. Tecuitlalt is the indigenous people's name given to this 

dish, meaning "excrement of stones" in their language”. 

The dihé cake was mentioned by the French phycologist P. Dangeard in 1940. It 

was eaten by members of the Kanembu tribe in the sub-desert region of Kanem, close 

to the African Lake Chad. Dihé is a blue-green algal cake that has been dried in the sun 

after being collected from the shores of little ponds surrounding the lake. After 

analysing the dihé samples, Dangeard concluded that the substance was a purée of 

springtime blue algae, which is the primary component of the phytoplankton in many 

of the lakes in the African Valley (Ciferri, 1983). At that time, Arthrospira (A. maxima) 

samples from Lake Texcoco, close to Mexico City, were analysed by a team of French 

researchers (Ciferri, 1983; Richmond, 1992). 

 

Figure 3: Arthrospira harvested and processed manually by women of the Kanembu 

tribe, Chad, West Africa (Koru, 2012) . 
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Figure 4: Kanembu women harvesting Arthospira from Lake Boudou Andja in Chad, 

West Africa (Hamed, 2016). 

 

Figure 5: Harvesting of Arthrospira from lake (Hamed, 2016). 
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1.3. Objective of work 

The storage and exchange of information and energy in all cells, including those 

of microalgae, depends on phosphorus (P). The vast majority of microalgae are adapted 

to low P acclimated naturally; as a result, they are able to absorb and store huge amounts 

of P whenever it becomes available. The capacity to consume more phosphorus than 

required for rapid growth is known as luxury uptake. The majority of P obtained during 

luxury absorption is stored as inorganic polyphosphate, a substance that is almost 

always present in cells and serves a variety of purposes (Solovchenko et al., 2019). By 

taking the nutrients into their cells, certain microalgae have been shown to 

simultaneously remove phosphorus from domestic wastewater down to very low 

concentrations of 0.15 mg L-1 (Boelee et al., 2011). The use of microalgae in wastewater 

treatment (Oswald and Gotaas, 1957) and has received much attention in recent decades 

(Olguín et al., 2003). 

2. MATERIALS AND METHODOLOGY 

2.1. Preparation of standard Zarrouk's media (Zarrouk's, 1966) 

Materials required 

Glassware – conical flasks, measuring cylinder, Glass rod 

Chemicals – Sodium chloride (NaCl), Calcium chloride dihydrate (CaCl2.2H2O), 

Sodium nitrate (NaNO3), Ferous sulfate heptahydrate (FeSO4.7H2O), 

Ethylenediaminetetraacetic acid sodium salt (EDTA-Na), Potassium sulfate (K2SO4), 

Magnesium sulfate heptahydrate (MgSO4.7H2O), Sodium hydrogen carbonate 

(NaHCO3), Potassium hydrogen phosphate (K2HPO4), Boric acid (H3BO3), 

Manganese(II) chloride tetrahydrate (MnCl2.4H2O), Sodium Molybdate (Na2MoO4), 
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Copper(II) sulfate pentahydrate (CuSO4.5H2O), Distilled water. 

Other requirements – Butter paper, spatula 

Instruments – Weighing balance, autoclave, laminar air flow 

Method 

Zarrouk's media was prepared using the composition given by Zarrouk's, 1966. 

To prepare 1 L of Zarrouk's media all given chemicals as shown Table 1.a. has to be 

taken in 1 L distilled water in a 1 L flask and autoclaved. Then micronutrient solution 

were prepared as shown in Table 1.b. After the autoclaving media add 1 mL L-1 of 

micronutrient solution to it. 

Table 1.a: Standard Zarrouk’s media (1 L) 

Components Amount (g) 

NaCl 1 

CaCl2.2H2O 0.04 

NaNO3 2.5 

FeSO4.7H2O 0.01 

EDTA (Na) 0.08 

K2SO4 1 

MgSO4.7H2O 0.2 

NaHCO3 16.8 

K2HPO4 0.5 
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Table 1.b: Micro nutrients solution (1 L)  

Micronutrient Amount (g) 

H3BO3 2.86 

MnCl2.4H2O 1.810 

ZnSO4.4H2O 0.222 

Na2MoO4 0.0177 

CuSO4.5H2O 0.079 

2.2. Preliminary experiments 

Preliminary experiments were done to check the growth conditions of the given 

culture samples. 

2.2.1. Biomass 

Using a UV-visible spectrophotometer, sample cultures were scanned between 

550 and 800 nm to check the maximum absorbance for each microalgae species under 

study (Jasco V-630, USA). The maximum absorbance value for each microalga was 

employed for the growth curve using optical density (OD) (Ribeiro-Rodrigues et al., 

2011). 

These results are similar to other research in which the wavelengths used for 

some microalgae species' cell growth ranged from 664 to 678 nm (Padovan,1992), 680 

nm (Geis et al.,2000), 684 nm (Ribeiro-Rodrigues et al.,2011), and 687 nm (Valer and 

Glock, 1998). These results are similar to other research in which the wavelengths used 

for some microalgae species' cell growth ranged from 664 to 678 nm (Padovan,1992), 
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680 nm (Geis et al.,2000), 684 nm (Ribeiro-Rodrigues et al.,2011), and 687 nm (Valer 

and Glock, 1998). The biomass concentration was determined by spectrophotometry. 

Using a standard curve of Spirulina sp. LEB 18. This curve was obtained by 

measuring the optical density of the Spirulina inoculum in a spectrophotometer 

(QUIMIS Q798DRM, Diadema – SP –Brazil), at 670nm, by relating the optical density 

and dry weight biomass, as performed by Costa et al. (2002). 

2.2.2. Standard plot for carbohydrate 

Carbohydrate estimation was done by using the phenol-sulphuric acid method 

as described by Dubois et al. (1956). 

Material required 

Glassware - Beakers, Stoppered test tubes, Glass pipettes, Measuring cylinders, 1 cm 

quartz cuvettes 

Chemicals - 5% Phenol, Concentrated Sulphuric acid (H2SO4), Glucose, Sterile distilled 

water 

Other equipment - Spatula, Micropipette, Pipette tips, Test tube stand 

Instruments - Weighing balance, Spectrophotometer 

Method 

Preparation of standards and blank 

A Glucose standard stock solution was prepared by adding 25 grams of Glucose in 25 

mL distilled water to make a final concentration of 1000 µg/mL and this was used for 

the preparation of standards. 
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2 mL standard solutions of 20 µg/mL, 40 µg/mL, 80 µg/mL, 150 µg/mL, 250 µg/mL 

and 500 µg/mL concentrations were prepared in duplicates in stoppered tubes labelled 

accordingly. 

2 mL distilled water was used as blank. 

Spectrophotometric analysis of carbohydrate standards 

To the stoppered tube containing 2 mL of standard solution/blank, 0.5 mL 5% Phenol 

and 5 mL of concentrated Sulphuric acid was added. 

Then the absorbance was measured at 490 nm wavelength. 

Average was taken and a standard curve of concentration v/s absorbance at 490 nm was 

plotted to obtain an equation which would be used to determine the unknown 

concentration 

2.2.3. Standard plot for phosphate 

Phosphate analysis 

Method used to determine the inorganic phosphate in seawater are based on the 

reaction of the ions with acidified molybdate reagent to produce a phosphomolybdate 

heteropoly acid, which is then reduced to a highly coloured blue compound 

Material required 

Glassware – Volumetric flasks, beakers, pipettes and bulbs, stoppered tubes, glass 

cuvettes, 1 cm quartz 

Chemicals – Sulphuric acid, ascorbic acid, potassium dihydrogen phosphate, 

ammonium heptamolybdate tetrahydrate, potassium antimony tartrate and distilled 

water 
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Other equipment - Spatula, Micropipette, Pipette tips, Test tube stand 

Instruments - Weighing balance, Spectrophotometer 

Reagent Preparation 

Sulphuric acid 25% (Reagent 1) – Add 250 mL of concentrated sulphuric acid to 750 

mL of distilled water. Allow to cool and dilute to 1 L. Store in a polyethylene bottle. 

Ascorbic acid solution – Dissolve 10 g of ascorbic acid, C6H8O6, in 50 mL of distilled 

water, then add 50 mL of sulphuric acid (Reagent 1). Stored in the dark in a brown bottle 

at < 8 °C. 

Mixed reagent – Dissolve 12.5 g of ammonium heptamolybdate tetrahydrate, 

(NH4)6Mo7O24.4H2O, in 125 mL of distilled water. Also, dissolve 5 g of potassium 

antimony tartrate, K(SbO)C4H4O6, in 20 mL of distilled water. Add molybdate solution 

to 350 mL of sulphuric acid (reagent 1), mix it well and store it in a glass 

bottle. 

Preparation of standards and blank 

A Phosphate standard stock solution was prepared by adding 139.09 mg of Potassium 

hydrogen phosphate (K2HPO4) in distilled water and 0.2 mL sulfuric acid (Reagent 1) 

was added, volume was make upto 100 mL in volumetric flask to make a final 

concentration of 10000 µM and this was used for the preparation of standards. 

25 mL standard solutions of 1 µM, 2.5 µM, 5 µM, 10 µM, 25 µM, 50 µM and 100 µM 

concentrations were prepared in duplicates in stoppered tubes labelled 

accordingly. 

25 mL distilled water was used as blank. 
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Spectrophotometric analysis of carbohydrate standards 

To the stoppered tube containing 25 mL of standard solution/blank, 1 mL Ascorbic acid 

solution and 1 mL of mixed reagent was added. 

Then the absorbance was measured at 880 nm wavelength. 

Average was taken and a standard curve of concentration v/s absorbance at 880 nm was 

plotted to obtain an equation which would be used to determine the unknown 

concentration. 

2.3. Experimental analysis 

2.3.1. Biomass 

Requirements – quartz cuvvetes, distilled water, tissue paper, spectrophotometer, beaker 

Biomass of A. platensis culture were estimated at 670 nm using spectrophotometer on 

the same day of sampling 

2.3.2. Estimation of carbohydrate content 

Carbohydrate estimation was done by using the phenol-sulphuric acid method 

as described by Dubois et al. (1956). 

Material required 

Glassware - Beakers, Stoppered test tubes, Glass pipettes, Measuring cylinders, 1 cm 

quartz cuvettes 

Chemicals - 5% Phenol, Concentrated Sulphuric acid (H2SO4), Sterile distilled water 

Other equipment - Spatula, Micropipette, Pipette tips, Test tube stand 

Instruments - Weighing balance, Spectrophotometer 
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Samples - 2 mL samples were taken in vials from the triplicate flasks of 0.5, 0.75, 1.0, 

and 1.5 phosphate concentration on Day 0, 3 6, 10, 12, 15, 17 and 20 and stored at 4°C 

until further analysis. 

Method 

Spectrophotometric analysis of carbohydrate standards. 

To the stoppered tube containing 2 mL of standard solution/blank, 0.5 mL 5% 

Phenol and 5 mL of concentrated Sulphuric acid was added. 

Then the absorbance was measured at 490 nm wavelength. 

The absorbance values and the equation obtained from the standard plot was used to 

determine the unknown concentration. 

The obtained values were averaged and plotted to derive results and conclusion. 

2.3.3. Estimation of chlorophyll pigments 

Method for chlorophyll pigment estimation was adapted from Lesley 

Clementson CSIRO (April, 2002). Phytoplankton pigment extraction uses a wide range 

of solvents. The most effective extraction method is dimethyl formamide, although it is 

extremely poisonous and challenging to handle. Another extremely effective extractor 

is methanol, particularly for species that are difficult to extract, like certain 

cyanobacteria. Unfortunately, reliable equations for calculating chlorophyll a, b, and c 

in methanol pigments are not accessible. Because of this, acetone (either 90% or 100%) 

is thought to be the best solvent for a variety of marine phytoplankton species. It is 

frequently used for both field samples and cultured (Jeffrey et al., 1997). 

Material required 
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Glassware - Beakers, Conical flask, 1 cm quartz cuvettes 

Chemicals - 90% acetone, Distilled water 

Other equipment - 22 mm GF/F filter paper, Forceps, Small filtration unit, 

Syringe, 1.5 mL Eppendorf tubes, Centrifuge tubes, Micropipette, Pipette tips, 

Test tube stand, Aluminium foil, Parafilm 

Instruments - Vortex, Centrifuging machine, Spectrophotometer 

Samples - Appropriate amount of samples were taken from the triplicate flasks of 0.5, 

0.75, 1.0 and 1.5 phosphate concentration on Day 0, 10, and 20, filtered through GF/F 

filter paper in dim light condition at low pressure and stored at -20° C in 

Appropriately labelled Eppendorf tubes until further analysis. 

Method 

The filter paper with the filtered sample was taken in a centrifuge tube and 5 mL of 90% 

acetone was added to it. 

It was then vortexed for 30 seconds, covered with foil, sealed with parafilm and stored 

in the refrigerator at 4° C overnight. 

Next day, the tubes containing the sample with acetone were centrifuged at 5000 rpm 

for 5 minutes. 

Absorbance was then taken at wavelengths 630 nm, 647 nm, 664 nm and 750 nm. 

The absorbance at 750 nm was subtracted from the absorbance at each of the other three 

wavelengths to obtain the corrected wavelengths and these were then substituted into 

the following equations: 
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[chl. a] extract = (11.85 A664/ l) – (1.54 A647/ l) – (0.08 A630/ l) 

[chl. b] extract = (21.03 A647/ l) – (5.43A 664/ l) – (2.66 A630/ l) 

[chl. c] extract = (24.52 A630/ l) – (1.67 A664/ l) – (7.60 A647/ l) 

Where, 

A = Corrected absorbance. 

l = Path length in cm. 

The concentration of each chlorophyll in the sample in µg/L was then obtained by the 

following equation: 

[chl.x] sample = [chl.x] extract * (v/V) 

Where, v = Volume of extract in mL. 

V = Volume of seawater filtered in L. 

The total concentration of chlorophyll in the sample in µg/L was obtained by the 

following equation: 

[chl.] total = [chl.a] sample + [chl.b] sample + [chl.c] sample 

The obtained values were averaged and plotted to derive results and conclusion 

2.3.4 Phosphate analysis 

The determination of dissolve inorganic phosphate given by Greenfield and Kalber 

(1954) but present method follows the procedure given by Murphy and Riley. 

Methods used to determine the inorganic phosphate in seawater are based on the 

reaction of the ions with acidified molybdate reagent to produce a phosphomolybdate 

heteropoly acid, which is then reduced to a highly coloured blue compound. 
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Material required 

Glassware – Volumetric flasks, beakers, pipettes and bulbs, stoppered tubes, glass 

cuvettes, 1 cm quarts 

Chemicals – Sulphuric acid, ascorbic acid, potassium dihydrogen phosphate, 

ammonium heptamolybdate tetrahydrate, potassium antimony tartrate and distilled 

water 

Other equipment - Spatula, Micropipette, Pipette tips, Test tube stand 

Instruments - Weighing balance, Spectrophotometer 

Reagent Preparation 

Sulphuric acid 25% (Reagent 1) – Add 250 mL of concentrated sulphuric acid to 750 

mL of distilled water. Allow to cool and dilute to 1 L. Store in a polyethylene bottle. 

Ascorbic acid solution – Dissolve 10 g of ascorbic acid, C6H8O6, in 50 mL of distilled 

water, then add 50 mL of sulphuric acid (Reagent 1). Stored in the dark in a brown bottle 

at <8 °C. 

Mixed reagent – Dissolve 12.5 g of ammonium heptamolybdate tetrahydrate, 

(NH4)6Mo7O24.4H2O, in 125 mL of distilled water. Also, dissolve 5 g of potassium 

antimony tartrate, K(SbO)C4H4O6, in 20 mL of distilled water. Add molybdate solution 

to 350 mL of sulphuric acid (reagent 1), mix it well and store it in a glass 

bottle. 

Samples analysis 
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25 mL of sample were filtered from the triplicate flasks of 0.5, 0.75, 1.0 and 1.5 

phosphate concentration on Day 0, 10, 20 and stored in a vials at 4 °C until further 

analysis of inorganic phosphate. 

To 25 mL sample 1 mL Ascorbic acid solution and 1 mL of mixed reagent was added. 

Then the absorbance was measured at 880 nm wavelength. 

The absorbance values and the equation obtained from the standard plot was used to 

determine the unknown concentration. 

The obtained values were averaged and plotted to derive results and conclusion. 

3. RESULTS AND DISCUSSION 

3.1. Growth of Spirulina platensis in different Phosphate concentrations 

The data obtained in the preliminary experiment is depicted in Figure 6.a. and Table 2. 

 

Figure 6.a. Spirulina biomass standard calibration curve. 
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Table 2 : Biomass estimation at absorbance 670.  

Day Replicate 1 Reolicate 2 Average 

0 0.08 0.083 0.0815 

1 0.01 0.016 0.013 

4 0.22 0.2 0.21 

6 0.406 0.402 0.404 

8 0.73 0.62 0.675 

11 1.048 1.04 1.044 

13 1.512 1.675 1.5935 

15 1.93 1.685 1.8075 

18 1.806 1.723 1.7645 

20 1.706 1.507 1.6065 

22 1.678 1.246 1.462 

  SD 0.711640125 

The data obtained in the main experiment is depicted in Figure 6.b. and Table 3. 
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Figure 6.b. Graph absorbance obtained for biomass. 

Table 3: Growth rate, doubling time and generation time obtained from main 

experiment. 

Phosphate Growth rate (d-1) Doubling time Generation time 

Control 0.246 2.802 4.061 

0.75 0.226 3.059 4.434 

1 0.217 3.181 4.610 

1.5 0.207 3.329 4.824 

From the growth plot A. platensis shows a sigmoidal growth curve. With an 

exponential phase peaking at day 6 and then showing decline. 

3.2. Total carbohydrate content variation of A. platensis at different phosphate 

concentration 
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The carbohydrate content were estimated by using an equation obtained from 

the standard plot of the commonly used standardizing agent for carbohydrate i.e. 

Glucose. The concentrations used were 20 µg/mL, 40 µg/mL, 80 µg/mL, 150 µg/mL, 

250 µg/mL and 500 µg/mL and the standard curve and equation were obtained as shown 

in Figure 7.a. 

 

Figure 7.a. Standard plot for carbohydrates. 

In Figure. 7.a. the carbohydrate content of A. platensis cultivated under the four 

phosphate concentrations is demonstrated. The carbohydrate content was estimated 

for phosphate concentration 0.5, 0.75, 1.0 and 1.5 for Day 0, 3, 6, 10, 12, 15, 17 and 20. 

It was observed upon plotting the graph that S. platensis showed an overall increase in 

carbohydrate content, as shown in Chart. Initially, i.e. upto day 10 the carbohydrate 

content of 1.5 phosphate concentration was highest. Simultaneously the carbohydrate 
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content of control (0.5) phosphate concentration shows steady increase and 0.75 

phosphate concentration shows the highest at day 12 and day 15. 

 

Figure 7.b. Total carbohydrate concentration of A. platensis at different phosphate 

concentration 

3.3. Production of pigment by A. platensis at different phosphate concentrations 

The production of pigments (Chlorophyll a, b and c) by A. platensis was 

estimated for phosphate concentration 0.5 (control), 0.75, 1.0 and 1.5 g/L for Day 0, 10, 

and 20. Figure a. to d. shows the total concentration of chlorophyll and the concentration 

of different chlorophyll pigments (a,b and c) produced by S. platensis. 

It can be observed that there is an increasing trend in the amount of chlorophyll 

at different phosphate concentrations 0.5 (control) and 1.0 and it shows the highest 
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chlorophyll content on day 20. There is very low chlorophyll production by different 

phosphate content, while only 0.5 (control) phosphate concentration shows the highest 

chlorophyll production. Chlorophyll b and c shows an increasing trend with increasing 

phosphate concentration. 

 

Figure 8.a. Concentration of total chlorophyll of A. platensis at different phosphate 

concentration 
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Figure 8.b. Concentration of chlorophyll b of A. platensis at different phosphate 

concentration 

 

Figure 8.c. Concentration of chlorophyll c of A. platensis at different phosphate 

concentration. 
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3.4. Utilisation of phosphate by A. platensis at different phosphate concentrations. 

The data obtained in the preliminary experiment is depicted in Figure 9.a. and Table 4. 

Table 4: Phosphate calibration curve 

Concentration OD at 880 nm 

1 0.0135 

2.5 0.024 

5 0.0615 

10 0.105 

25 0.28 

50 0.578 

100 1.155 

 

Figure 9.a. standard phosphate calibration curve 
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Figure 9.b. Experimental data obtained of phosphate 

The variations of the phosphorus concentrations in the experimental cultures 

over time are shown in Figure 9.b. Phosphorus concentration decreased over time, on 

day 10 it was showing 3/4th concentration of phosphorous was utilised. Phosphate 

concentration decreases with increase in the biomass of the A. platensis and there is 

steady decreasing in phosphate concentration. 

4. CONCLUSION 

Marine microalgae primarily consist of pigments, proteins, lipids, and 

carbohydrates. Each of these chemicals has a varied composition in different microalgal 

species. Even rare, species-exclusive metabolites can be produced by some marine 

microalgae. Ma et al. (2020) state that this capacity for multi-compound coproduction 

is species-specific. This study examined total carbohydrate, pigment (Chlorophyll a, b, 

and c) content, and phosphate utilisation to determine the effects of phosphate 

concentrations of 0.5 (control: used to grow S. platensis), 0.75, 1.0, and 1.5 g/L on A. 

platensis. The phosphate utilisation happened at all the concentrations of the 
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experimental setup, indicating that A. platensis could uptake phosphate and participate 

in bioremediation. However, more research is necessary to support it. 

5. REFERENCES 

Amit, ., & Kumar Ghosh, U. (2019). Utilization of kinnow peel extract with 

different wastewaters for cultivation of microalgae for potential biodiesel production. 

Journal of Environmental Chemical Engineering, 7(3), 103135. 

https://doi.org/10.1016/j.jece.2019.103135 

Awual, M. R., Jyo, A., Ihara, T., Seko, N., Tamada, M., & Lim, K. T. (2011). 

Enhanced trace phosphate removal from water by zirconium(IV) loaded fibrous 

adsorbent. Water Research, 45(15), 4592–4600. 

https://doi.org/10.1016/j.watres.2011.06.009 

Bacelo, H., Pintor, A. M. A., Santos, S. C. R., Boaventura, R. A. R., & Botelho, 

C. M. S. (2020). Performance and prospects of different adsorbents for phosphorus 

uptake and recovery from water. In Chemical Engineering Journal, 381. 

https://doi.org/10.1016/j.cej.2019.122566 

Banu, H. A. T., Karthikeyan, P., & Meenakshi, S. (2019). Comparative studies 

on revival of nitrate and phosphate ions using quaternized corn husk and jackfruit peel. 

Bioresource Technology Reports, 8. https://doi.org/10.1016/j.biteb.2019.100331 

Boelee, N. C., Temmink, H., Janssen, M., Buisman, C. J. N., & Wijffels, R. H. 

(2011). Nitrogen and phosphorus removal from municipal wastewater effluent using 

microalgal biofilms. Water Research, 45(18), 5925–5933. 

https://doi.org/10.1016/j.watres.2011.08.044 



35 

Boussiba, S., Vonshak, A., Cohen, Z., Avissar, Y., & Richmond, A. (1987). 

Lipid and Biomass Production by the Halotolerant Microalga Nannochloropsis salina. 

In Biomass , 12. 

Cai, T., Park, S. Y., & Li, Y. (2013). Nutrient recovery from wastewater streams 

by microalgae: Status and prospects. Renewable and Sustainable Energy Reviews, 19, 

360–369. https://doi.org/10.1016/j.rser.2012.11.030 

Campanella, L., Crescentini, G., & Avino, P. (1999). Chemical composition and 

nutritional evaluation of some natural and commercial food products based on 

Spirulina. Analysis, 27(6), 533–540. https://doi.org/10.1051/analusis:1999130 

Chen, L., Zhao, X., Pan, B., Zhang, W., Hua, M., Lv, L., & Zhang, W. (2015). 

Preferable removal of phosphate from water using hydrous zirconium oxide-based 

nanocomposite of high stability. Journal of Hazardous Materials, 284, 35–42. 

https://doi.org/10.1016/j.jhazmat.2014.10.048 

Conley, D. J., Paerl, H. W., Howarth, R. W., Boesch, D. F., Seitzinger, S. P., 

Havens, K. E., Lancelot, C., & Likens, G. E. (2009). Ecology - Controlling 

eutrophication: Nitrogen and phosphorus. Science, 23(5917), 1014–1015. 

https://doi.org/10.1126/science.1167755 

Dai, Y., Wang, W., Lu, L., Yan, L., & Yu, D. (2020). Utilization of biochar for 

the removal of nitrogen and phosphorus. Journal of Cleaner Production, 257. 

https://doi.org/10.1016/j.jclepro.2020.120573 

Diaz, R. J., & Rosenberg, R. (2008). Spreading dead zones and consequences 

for marine ecosystems. Science, 321(5891), 26–929. 



36 

https://doi.org/10.1126/science.1156401 

Dubois, M., Gilles, K. A., Hamilton, J. K., Rebers, P. A., & Smith, F. (1956). 

Colorimetric Method for Determination of Sugars and Related Substances. Analytical 

Chemistry, 28(3), 350–356. https://doi.org/10.1021/ac60111a017 

Egle, L., Rechberger, H., & Zessner, M. (2015). Overview and description of 

technologies for recovering phosphorus from municipal wastewater. Resources, 

Conservation and Recycling, 105, 325–346. 

https://doi.org/10.1016/j.resconrec.2015.09.016 

Hu, Y., Du, Y., Nie, G., Zhu, T., Ding, Z., Wang, H., Zhang, L., & Xu, Y. (2020). 

Selective and efficient sequestration of phosphate from waters using reusable nano-Zr 

(IV) oxide impregnated agricultural residue anion exchanger. Science of the 

Total Environment, 700. https://doi.org/10.1016/j.scitotenv.2019.134999 

Huang, W., Zhu, Y., Tang, J., Yu, X., Wang, X., Li, D., & Zhang, Y. (2014). 

Lanthanum-doped ordered mesoporous hollow silica spheres as novel adsorbents for 

efficient phosphate removal. Journal of Materials Chemistry, 2(23), 8839–8848. 

https://doi.org/10.1039/c4ta00326h 

Kilpimaa, S., Runtti, H., Kangas, T., Lassi, U., & Kuokkanen, T. (2014). 

Removal of phosphate and nitrate over a modified carbon residue from biomass 

gasification. Chemical Engineering Research and Design, 92(10), 1923–1933. 

https://doi.org/10.1016/j.cherd.2014.03.019 

Kirkpatrick, S. W. (2001). The fate of xenobiotic organic compounds in 

wastewater treatment plants geoff byrns. Water Resources, 35(10). 



37 

Korostynska, O., Mason, A., & Al-Shamma’, A. (2012). Monitoring of nitrates 

and phosphates in wastewater: Current technologies and further challenges. 

International Journal On Smart Sensing And Intelligent Systems, 5(1). 

Li, X., Kuang, Y., Chen, J., & Wu, D. (2020). Competitive adsorption of 

phosphate and dissolved organic carbon on lanthanum modified zeolite. Journal of 

Colloid and Interface Science, 574, 197–206. 

https://doi.org/10.1016/j.jcis.2020.04.050 

Liu, J., Zheng, M., Wang, C., Liang, C., Shen, Z., & Xu, K. (2020). A green 

method for the simultaneous recovery of phosphate and potassium from hydrolyzed 

urine as value-added fertilizer using wood waste. Resources, Conservation and 

Recycling, 157. https://doi.org/10.1016/j.resconrec.2020.104793 

Liu, X., & Zhang, L. (2015). Removal of phosphate anions using the modified 

chitosan beads: Adsorption kinetic, isotherm and mechanism studies. Powder 

Technology, 277, 112–119. https://doi.org/10.1016/j.powtec.2015.02.055 

Ma, L., Islam, S. M., Xiao, C., Zhao, J., Liu, H., Yuan, M., Sun, G., Li, H., Ma, 

S., & Kanatzidis, M. G. (2017). Rapid Simultaneous Removal of Toxic Anions 

[HSeO3]
-, [SeO3]

2-, and [SeO4]
2-, and Metals Hg2+, Cu2+, and Cd2+ by MoS4

2- 

Intercalated Layered Double Hydroxide. Journal of the American Chemical Society, 

139(36), 12745–12757. https://doi.org/10.1021/jacs.7b07123 

Mitrogiannis, D., Psychoyou, M., Koukouzas, N., Tsoukalas, N., Palles, D., 

Kamitsos, E., Pantazidis, A., Oikonomou, G., & Baziotis, I. (2018). Phosphate recovery 

from real fresh urine by Ca(OH)2 treated natural zeolite. Chemical Engineering Journal, 

347, 618–630. https://doi.org/10.1016/j.cej.2018.04.102 



38 

Nurk, K., Truu, J., Truu, M., & Mander, Ü. (2005). Microbial characteristics and 

nitrogen transformation in planted soil filter for domestic wastewater treatment. Journal 

of Environmental Science and Health - Part A Toxic/Hazardous Substances and 

Environmental Engineering, 40(6–7), 1201–1214. 

https://doi.org/10.1081/ESE200055659 

Ogata, T., Morisada, S., Oinuma, Y., Seida, Y., & Nakano, Y. (2011). Preparation 

of adsorbent for phosphate recovery from aqueous solutions based on condensed tannin 

gel. Journal of Hazardous Materials, 192(2), 698–703. 

https://doi.org/10.1016/j.jhazmat.2011.05.073 

Olguín, E. J., Galicia, S., Mercado, G., & Pérez, T. (2003). Annual productivity 

of Spirulina (Arthrospira) and nutrient removal in a pig wastewater recycling process 

under tropical conditions. 

Oswald, W. J., Gotaas, H. B., Golueke, C. G., Kellen, W. R., Gloyna, E. F., & 

Hermann, E. R. (1957). Algae in Waste Treatment [with Discussion], 29(4). 

Parker, L., Muñoz García, A., Hicken, A., Asemave, K., Farmer, T. J., He, H., 

Clark, J., Hunt, A. J., Dodson, J. R., Parker, H. L., Muñoz García, A., Hicken, A., 

Asemave, K., Farmer, T. J., He, H., Clark, J. H., & Hunt, A. J. (n.d.). Bio-derived 

Materials as a Green Route for Precious & Critical Metal Recovery and Re-use. 

https://doi.org/10.1039/c0xx00000x 

Prashantha Kumar, T. K. M., Mandlimath, T. R., Sangeetha, P., Revathi, S. K., 

& Ashok Kumar, S. K. (2016). Selective Removal of Nitrate and Phosphate from 

Wastewater Using Nanoscale Materials, 199–223. https://doi.org/10.1007/978-3-319- 

48009-1_8 



39 

Raghuraman, R., Aiyamperumal, B., & Anantharaman, P. (2022). A new record 

of Spirulina subsalsa (Oersted Ex Gomont, 1892) with molecular profile isolated in 

Vellar Estuary, Portonovo, South East Coast, Tamil Nadu (India). Acta 

Ecologica Sinica, 42(6), 605–608. https://doi.org/10.1016/j.chnaes.2021.04.008 

Raheem, A., Prinsen, P., Vuppaladadiyam, A. K., Zhao, M., & Luque, R. 

(2018). A review on sustainable microalgae based biofuel and bioenergy production: 

Recent developments. Journal of Cleaner Production, 181, 42–59. 

https://doi.org/10.1016/j.jclepro.2018.01.125 

 Richmond, A. (1992). Open systems for the mass production of 

photoautotrophic microalgae outdoors: physiological principles. Journal of Applied 

Phycology, 4. 

Saranraj, P., & Sivasakthi, S. (2014). Spirulina platensis-food for future: A 

review. Asian Journal of Pharmaceutical Science & Technology. 

Solovchenko, A., Khozin-Goldberg, I., Selyakh, I., Semenova, L., Ismagulova, 

T., Lukyanov, A., Mamedov, I., Vinogradova, E., Karpova, O., Konyukhov, I., 

Vasilieva, S., Mojzes, P., Dijkema, C., Vecherskaya, M., Zvyagin, I., Nedbal, L., & 

Gorelova, O. (2019). Phosphorus starvation and luxury uptake in green microalgae 

revisited. Algal Research, 43. https://doi.org/10.1016/j.algal.2019.101651 Stevens-

Garmon, J., Drewes, J. E., Khan, S. J., McDonald, J. A., & Dickenson, E. R. V. (2011). 

Sorption of emerging trace organic compounds onto wastewater 

sludge solids. Water Research, 45(11), 3417–3426. 

https://doi.org/10.1016/j.watres.2011.03.056 

 Trazzi, P. A., Leahy, J. J., Hayes, M. H. B., & Kwapinski, W. (2016). 



40 

Adsorption and desorption of phosphate on biochars. Journal of Environmental 

Chemical Engineering, 4(1), 37–46. https://doi.org/10.1016/j.jece.2015.11.005 

Wang, B., Zhang, W., Li, L., Guo, W., Xing, J., Wang, H., Hu, X., Lyu, W., 

Chen, R., Song, J., Chen, L., & Hong, Z. (2020). Novel talc encapsulated lanthanum 

alginate hydrogel for efficient phosphate adsorption and fixation. Chemosphere, 256. 

https://doi.org/10.1016/j.chemosphere.2020.127124 

Wang, X., Lü, S., Gao, C., Feng, C., Xu, X., Bai, X., Gao, N., Yang, J., Liu, 

M., & Wu, L. (2016). Recovery of Ammonium and Phosphate from Wastewater by 

Wheat Straw-based Amphoteric Adsorbent and Reusing as a Multifunctional Slow- 

Release Compound Fertilizer. ACS Sustainable Chemistry and Engineering, 4(4), 

2068–2079. https://doi.org/10.1021/acssuschemeng.5b01494 

Wang, Z., Wang, H., Li, Q., Xu, M., Guo, Y., Li, J., & Wu, T. (2016). pH effect 

on Re(VII) and Se(IV) diffusion in compacted GMZ bentonite. Applied 

Geochemistry, 73, 1–7. https://doi.org/10.1016/j.apgeochem.2016.07.015 

Wei, Y., Yuan, P., Song, Y., Liu, D., Losic, D., Tan, D., Chen, F., Liu, H., Du, P., 

& Zhou, J. (2018). Activating 2D nano-kaolinite using hybrid nanoparticles for 

enhanced phosphate capture. Chemical Communications, 54(82), 11649–11652. 

https://doi.org/10.1039/c8cc04642e 

Whitton, R., Ometto, F., Pidou, M., Jarvis, P., Villa, R., & Jefferson, B. (2015). 

Microalgae for municipal wastewater nutrient remediation: mechanisms, reactors and 

outlook for tertiary treatment. Environmental Technology Reviews, 4(1), 133–148. 

https://doi.org/10.1080/21622515.2015.1105308 



41 

Withers, P. J. A., Elser, J. J., Hilton, J., Ohtake, H., Schipper, W. J., & Van Dijk, 

K. C. (2015). Greening the global phosphorus cycle: How green chemistry can help 

achieve planetary P sustainability. Green Chemistry, 17(4), 2087–2099. 

https://doi.org/10.1039/c4gc02445a 

Xiang, C., Wang, H., Ji, Q., Zhang, G., & Qu, J. (2019). Tracking Internal 

Electron Shuttle Using X-ray Spectroscopies in La/Zr Hydroxide for Reconciliation of 

Charge-Transfer Interaction and Coordination toward Phosphate. ACS Applied 

Materials and Interfaces, 11(27), 24699–24706. 

https://doi.org/10.1021/acsami.9b05397 

Xu, X., Gao, B., Jin, B., & Yue, Q. (2016). Removal of anionic pollutants from 

liquids by biomass materials: A review. Journal of Molecular Liquids, 215, 565–595. 

https://doi.org/10.1016/j.molliq.2015.12.101 

Yao, Y., Gao, B., Inyang, M., Zimmerman, A. R., Cao, X., Pullammanappallil, 

P., & Yang, L. (2011a). Removal of phosphate from aqueous solution by biochar derived 

from anaerobically digested sugar beet tailings. Journal of Hazardous 

Materials, 190(1–3), 501–507. https://doi.org/10.1016/j.jhazmat.2011.03.083 

Yin, Q., Ren, H., Wang, R., & Zhao, Z. (2018). Evaluation of nitrate and 

phosphate adsorption on Al-modified biochar: Influence of Al content. Science of the 

Total Environment, 631–632, 895–903. 

https://doi.org/10.1016/j.scitotenv.2018.03.091 

Yousefi, M., Nabizadeh, R., Alimohammadi, M., Mohammadi, A. A., & Mahvi, 

A. H. (2019). Removal of phosphate from aqueous solutions using granular ferric 



42 

hydroxide process optimization by response surface methodology. Desalination and 

Water Treatment, 158, 290–300. https://doi.org/10.5004/dwt.2019.24281 

Yu, J., Xiang, C., Zhang, G., Wang, H., Ji, Q., & Qu, J. (2019). Activation of 

Lattice Oxygen in LaFe (Oxy)hydroxides for Efficient Phosphorus Removal. 

Environmental Science and Technology, 53(15), 9073–9080. 

https://doi.org/10.1021/acs.est.9b01939 

Zhang, H., Chen, C., Gray, E. M., Boyd, S. E., Yang, H., & Zhang, D. (2016). 

Roles of biochar in improving phosphorus availability in soils: A phosphate adsorbent 

and a source of available phosphorus. Geoderma, 276, 1–6. 

https://doi.org/10.1016/j.geoderma.2016.04.020 

Zhang, L., Wang, Z., Xu, X., Chen, C., Gao, B., & Xiao, X. (2019). Insights into 

the phosphate adsorption behavior onto 3D self-assembled cellulose/graphene hybrid 

nanomaterials embedded with bimetallic hydroxides. Science of the Total 

Environment, 653, 897–907. https://doi.org/10.1016/j.scitotenv.2018.11.030 

Zhang, Y., Guo, X., Wu, F., Yao, Y., Yuan, Y., Bi, X., Luo, X., Shahbazian- 

Yassar, R., Zhang, C., & Amine, K. (2016). Mesocarbon Microbead Carbon Supported 

Magnesium Hydroxide Nanoparticles: Turning Spent Li-ion Battery Anode into a 

Highly Efficient Phosphate Adsorbent for Wastewater Treatment. ACS Applied 

Materials and Interfaces, 8(33), 21315–21325. 

https://doi.org/10.1021/acsami.6b05458 



43 

PLAGIARISM REPORT 

 


