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Microalgae are microscopic organisms found in marine and freshwater environments. They can carry out photosynthesis in a similar way to land plants, allowing them to use nitrogen (N) and phosphorus (P) as nutrients for their growth. In conventional wastewater treatment (tertiary treatment), Chlorella peruviana, a relatively understudied native species, is used for the removal of nutrients such as phosphates and nitrates to prevent pollution of water bodies. The objective of the study was to evaluate the immobilization of the microalga Chlorella peruviana for the elimination of nitrates and phosphates in the wastewater of the main collector of the San Gabriel neighborhood (AA.HH. San Gabriel), in the district of Comas, Lima. Eleven liters of wastewater were used to analyze its physical and chemical properties. To eliminate nitrates and phosphates, 1 liter of the wastewater sample was poured into 9 one-liter bioreactors and three different doses of microalgae immobilized in calcium alginate were added: 50, 100, and 150 g/L. After 5 days, the results were the following: at a dose of 150 g/L, 83.14% of the nitrates and 85.58% of the phosphates were removed. Finally, the effects of different doses of Chlorella peruviana microalgae immobilized on calcium alginate beads for the removal of nitrates and phosphates in wastewater were explained.

1. Introduction
The rapid growth of both the human population and the global economy has caused a shortage of water resources suitable for direct consumption. Therefore, water remediation inevitably becomes a central objective globally (Abdelfattah et al., 2022). Water is an essential resource and a fundamental raw material in various industries and for domestic purposes (Morseletto et al., 2022). Wastewater contains various toxic compounds harmful to organisms and releases organic and inorganic nutrients into the environment, increasing chemical oxygen demand (COD) and biological oxygen demand (BOD). Aquatic eutrophication, caused by phosphorus (P) and nitrogen (N) loads, generates environmental impacts, solid waste production, and air emissions (Chen et al., 2020; Wang et al., 2022). There are various mechanisms to treat wastewater loaded with nitrate and phosphate ions; smoke dust from industrial waste has been used, removing more than 52.74% of nitrate and 92.38% of phosphate (Ali et al., 2021); The electrosorption process has been applied to remove phosphates and nitrates from wastewater with good possibilities, however, there are reserves for higher concentrations (Krishnamurthy et al., 2022) ; The sustainable removal of nitrates has also been sought by combining biological treatment with the use of membranes, with results of up to 98% removal efficiency (Pietrelli et al., 2022) . All these contributions gave rise to the question: What would the results be like with the use of microorganisms to treat these waters?
Microalgae can be cultivated in various type of wastewater and show great potential to remove pollutants from industrial and urban effluents (Abdelfattah et al., 2022). Several species of microalgae including Scenedesmus, Chlorella, Botryococcus, Phormidium, Limnospira (formerly Arthrospira, Spirulina), and Chlamydomonas, have been shown to exhibit outstanding capacity in wastewater bioremediation, removing nutrients, heavy metals, emerging contaminants, and pathogens. (López-Sánchez et al., 2022, and Ahmad et al., 2021). The presence of microalgae can reduce the risk of eutrophication by removing phosphorus (P) and nitrogen (N) components (Priyadharshini et al., 2021).
A promising strategy to improve the efficiency of Wastewater Treatment Plants (WWTP) is the co-culture of microalgae with other microorganisms. In this approach, microalgae collaborate symbiotically with heterotrophic microorganisms such as yeast, bacteria, and fungi. This process results in the exchange of nutrients and metabolites, which increases algal biomass yield and improves bioremediation (Chia et al., 2020; Li et al., 2022). The nitrogen absorption process in microalgae begins at the plasma membrane, where  it is reduced to . A part of  was produced is released into the aquatic environment, while another fraction of  is further reduced in the chloroplast, forming . This ammonium is then incorporated into the synthesis of amino acids (Burhenne and Tischner, 2000; Wang et al., 2010; Umamaheswari and Shanthakumar, 2016). During metabolism, the phosphate ion () is assimilated into forms  and  subsequently incorporated into organic compounds through the process of phosphorylation. At this stage, an important part of is used for the synthesis of adenosine triphosphate (ATP) from adenosine diphosphate (ADP), providing the energy necessary for cellular functions (Martínez et al., 1999, Cai et al., 2013).
Microalgae are used in wastewater treatment not only for their effectiveness in removing nitrogen and phosphorus but also for their ability to eradicate pathogenic organisms. This is attributed to the generation of extreme pH levels and the production of substances with antibacterial effects that can be secreted by these microalgae (Ramírez-Mérida et al., 2015). 
Wastewater treatment using microalgae has become a serious alternative to conventional technology. The objective of the study was to use the immobilized Chlorella peruviana microalgae for the elimination of nitrates and phosphates in wastewater from the main collector of the Comas district, Lima.

2. Methodology
2.1. Preparation of Chlorella peruviana Microalgae
A 200 mL sample of Chlorella peruviana was used. This species was selected because it is considered a native microalga that is easily accessible in the region, so it can be used at a low cost. The microalgae culture was developed in 1.5 L of salt water obtained from the Peruvian Sea Institute (IMARPE).
The cultivation of Chlorella peruviana involved introducing the entire sample into a 1000 mL capacity bioreactor. 800 ml of seawater was added, resulting in 1 liter of solution. Subsequently, 5 g of Nitrofert 20-20-20 foliar fertilizer was added. Throughout the growth process, the Chlorella peruviana culture was subjected to constant aeration, with a photoperiod of 16 hours of light and 8 hours of darkness, at a light intensity of 1060 lumens and a temperature of 20 °C. This process was carried out during a cultivation period of 2 and a half months, without altering the conditions.

2.2. Monitoring Point Selection
The appropriate sampling point for the investigation was defined as the effluent from the sewer pipes of the community of San Gabriel, located in the district of Comas, province and department of Lima.

2.3. water sampling
The water sample was collected using a pick to lift the well cover. Since the stream was at a height of 2 meters, a bucket and rope were used to collect the water sample. It was then poured into a 20 L volume drum. Once the required volume was reached, the manhole was closed and finally, the water samples were transported to the laboratory for initial analysis and subsequent treatment.

2.4. Microalgae cell count
The cell count was carried out in the laboratory using the Neubauer chamber, allowing the number of Chlorella peruviana cells in the culture to be quantified. The counting was carried out under a microscope with 10x and 40x lenses for better appreciation.

2.5. Preparation of calcium alginate beads with microalgae.
To the Chlorella peruviana culture with 1 L volume, 15 g of sodium alginate was added. It was stirred continuously until a homogeneous and dense solution was obtained. Then, using a syringe, it was slowly dripped into a 2% calcium chloride solution, which was stirred gently, until small green spheres formed (see Figure 1). These spheres were immersed for 1 minute in the calcium chloride solution and then rinsed with distilled water.


2.6. Dose
50, 100, and 150 g of microalgae immobilized on calcium alginate beads were obtained for triplicate using a balance. These quantities were added to the wastewater samples, carrying out the treatment in triplicate, resulting in a total of 9 experimental units.

2.7. Treatment
The immobilized microalgae were subjected to the same growth conditions, as mentioned in the previous section on cultivation. This involved providing constant aeration with photoperiods of 16 hours of light and 8 hours of darkness, a light intensity of 1060 lumens, and an ambient temperature of 20 °C (see Figure 2). This growth period lasted 5 days.

	[image: ]
	[image: ]

	Figure 1. Chlorella peruviana immobilized in calcium alginate.
	Figure 2. Wastewater treatment process.



2.8. Final parameter analysis
The microalgae beads were removed, and the water was poured into a clean flask. Subsequently, 50 mL of the sample was taken and transferred to a 250 mL beaker to measure the pH. Finally, samples from the 9 experimental units were sent to the laboratory for analysis of nitrate () and phosphate () levels.

3. Results
3.1 Characterization of Microalgae
In Table 1 it was observed that the Chlorella peruviana microalgae culture exhibited the typical characteristics of microalgae.

[bookmark: _Hlk156034441]Table 1: Characteristics of microalgae cultivation
	[bookmark: _Hlk156034501]Cell concentration (Number of cells/mL)
	pH
	Length
(mm)
	Temperature
(ºC)

	30.1x106
	8.8
	5
	19.5



3.2 Initial Water Characterization
Table 2 presents the results of the initial water analysis, showing the initial concentrations of nitrates and phosphates, as well as the pH and temperature values.

Table 2: Wastewater characteristics
	Nitrate concentration (mg/L)
	Phosphate concentration (mg/L)
	pH
	Temperature (°C)

	23.9
	22.4
	8.2
	twenty




3.3 Final results
[bookmark: _Hlk155685780]Table 3 shows the concentrations of nitrates, phosphates, and pH after applying doses of Chlorella peruviana immobilized in calcium alginate to wastewater, using three doses and the average of the three treatments.

Table 3: Nitrate concentration, phosphate concentration, and pH after applying the doses.
	
Dose
(g/L)
	Nitrate concentration (mg/L)
	
Elimination
(%)
	Phosphate concentration
(mg/L)
	
Elimination
(%)
	
pH

	Make = Initial Sample
	23.90
	
	22.4
	
	8.20

	D1 = 50
	18.23
	23.72
	13.54
	39.55
	8.33

	D2 = 100
	10.50
	56.07
	7.97
	64.42
	8.50

	D3 = 150
	4.03
	83.14
	3.23
	85.58
	8.70



According to Table 3, it was observed that with higher doses of Chlorella peruviana immobilized in calcium alginate applied to wastewater, average values were obtained that reduced the concentration of nitrates and phosphates, while the pH showed an increase.
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	Figure 3. Dosage and Final Nitrate
	Figure 4. Dosage and Final Phosphate



In Figure 3, the average nitrate concentration values ranged from 18.23 mg/L to 4.03 mg/L. Similarly, in Figure 4, the average phosphate concentration values varied between 13.54 mg/L and 3.23 mg/L. The microalgae were immobilized in 2% calcium alginate. According to Table 3, the maximum percentage removal of  was recorded in 83.14%, and the highest elimination value of  was observed in 85.58%. In the most algae cultures it was observed that more than 50% and 70% of  and , respectively, were eliminated during dose 2. Although immobilization had a negative impact on nutrient removal, the values obtained exceeded or fell within the high elimination ranges reported in previous studies. In this context, it is worth noting that both strains, whether freely grown or immobilized, show significant potential for use in the removal of inorganic nutrients in municipal wastewater, especially in the case of (Ávila et al., 2018).
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Figure 5. Dose and pH
In Figure 5 the pH obtained average values that ranged between 8.33 and 8.70. When increasing the dose of Chlorella peruviana there was a slight average increase up to 8.7 with dose 3. This increase is attributed to the photosynthesis process carried out by Chlorella, where the inorganic carbon present in the water is consumed (Bobadilla and Alvarez, 2018).

4. Discussion
In the research, a significant decrease in nitrate and phosphate concentrations was observed when adding doses of immobilized Chlorella peruviana microalgae as detailed in Table 3. These results support the effectiveness of the application of microalgae for the removal of nutrients in wastewater. Comparing our results with previous research, Acevedo et al. (2017) achieved 65% phosphorus and 80% nitrogen removal using the microalgae Scenedesmus sp. This suggests that different microalgae species may have variations in their nutrient removal capacity, highlighting the importance of carefully selecting microalgae species for each specific application. Furthermore, Sayadi et al. (2016) used several species of microalgae in their study. Spirulina platensis achieved a removal of 81.49% of phosphate with a treatment of 0.45 g/L, while Chlorella vulgaris achieved a removal of 88% with the same treatment. It was also found that in the case of pearls in Chlorella minutissima (CM) and dairy wastewater algae (DWA) showed a nitrate removal efficiency of 94 % and 77% in that order; In the case of phosphate removal, CM removed 67.5% and DWA 100%, demonstrating outstanding efficiency for this contaminant (Kumar Singh et al., 2011). These results suggest that the effectiveness of different microalgae species may vary, and Chlorella peruviana used in our study demonstrates notable performance in removing nitrates and phosphates.
Compared with the results of Ávila et al. (2018), we noted some differences in nitrate and phosphate removal rates using microalgae. In their study, the free-form microalgae Chlamydomonas sp. reported a nitrate removal of 75.08%, while Chlorella sp. In its free form, it achieved the highest removal of phosphates, with an impressive 83.69%. These results suggest that different strains of microalgae may present variations in their nutrient removal capacity. In our study, with immobilized Chlorella peruviana, we observed notable effectiveness in reducing nitrate and phosphate concentrations in wastewater. Immobilization of microalgae could have a positive impact by improving the retention and removal capacity of inorganic nutrients, as demonstrated in our research.
Regarding pH, it is important to consider that the growth and development of microalgae are linked to temperature, so determining the optimal temperature for adequate development and growth is essential, considering the species of microalgae used (Bholase, 2004).

5. Conclusions
Immobilized microalgae in the form of beads, with an approximate dimension of 5 mm and a concentration of 30.1x10 6 cells per milliliter, can eliminate nitrates and phosphates present in wastewater. The microalga Chlorella peruviana successfully removed nitrates and phosphates from the wastewater of the collector by applying doses 1, 2, and 3. For nitrates, removals of 23.72%, 56.07%, and 83.14% were achieved, while for phosphates, removals of 39.55%, 64.42% and 85.58% were achieved. With dose 3, the removal of 83.14% and 85.58% of nitrates and phosphates, respectively, showed a good performance. These results demonstrate the reducing capacity of nitrates and phosphates can be used in water treatment industries, distilleries, sugar factories, textile industries, and fertilizer industries (Gizaw et al., 2021). The final pH increased slightly from 8.20 to 8.70. Thus, the immobilized Chlorella peruviana microalgae emerges as a promising alternative for the removal of nutrients in wastewater.
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