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Abstract  

The cleaning or purification of wastewater is becoming increasingly important due to the increase in population and the growth of 
industries in all countries of the world, at the same time the requirements of wastewater treatment regulations are becoming more 
stringent, so it is necessary to create new purification techniques that are not only more efficient but also more sustainable and cleaner. 
The objective of the present study was to evaluate in the field the efficiency in the process of pollutant removal in wastewater in streams 
using the combination of anaerobiosis technique and microalgal consortium. For the process, an experiment was designed in a tank 
with the presence of anaerobic bacteria and the efficiency of the bacteria in the removal of pollutants was evaluated for 24 hours. After 
this time, the water was deposited in pools with the presence of microalgae consortium, leaving the process for 20 days.  The presence of 
physical and chemical contaminants was evaluated before the experiment during anaerobiosis and microalgal consortium. The results of 
the in vivo test indicate that the removal process when subjected to microalgae consortium was more efficient showing a percentage of 
removal result higher than 62% for physical and chemical parameters. The microalgae consortia used in this study have the capacity to 
grow well in wastewater and show efficiency in the removal of pollutants after 10 days with high efficiency in the removal of pollutants 
and with the possible reuse of the water obtained from the process for other agricultural activities. 
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Introduction 

As indicated by Filho et al., (2022), the global water scarcity has emerged as a significant concern. Improper 
water management, growth in population, climate change, and other natural factors are the main factors 
that contribute to water scarcity. 

Microalgae-based processes stand out as an advanced and sustainable technology for wastewater 
remediation. The utilization of microalgae proved its potential as an affordable and eco-friendly tool with 
high capacity and removal efficiency of emerging contaminants, such as persistent organics, 
pharmaceuticals, microplastics, and endocrine disruptors (Razzak et al., 2017). Microalgae are unique in 
their ability to thrive in wastewater environments by consuming the present organic and inorganic 
contaminants as a source of nutrients (Ali et al., 2023). It can also be essential as a biological carbon dioxide 
(CO2) fixation method as it utilizes the CO2 from wastewater and generates O2 through photosynthesis 
(Razzak et al., 2017). 

In this respect this dual capability of pollutant removal and O2 generation is crucial as it produces clean 
water and reduces the carbon footprint of wastewater treatment processes. Furthermore, algal biomass is 
formed during the bioremediation of wastewater via microalgae. Algal biomass can be employed to prepare 
diverse bioproducts, including biofuels, biofertilizers, bioplastics, and livestock feed. The main types of 
microalgae include Chlorella sp., Scenedesmus sp., Spirulina sp., Chlamydomonas sp., Desmodesmus sp, 
and Nannochloropsis sp (Mehariya et al., 2021). Chlorella is widely employed due to its elevated removal 
efficiency of contaminants, fast growth rate and biomass productivity, and resistance to toxic substances 
and environments (Safi et al., 2014). 
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Generally, the traditional practices used for wastewater include primary and secondary treatment 
approaches treatment targets the removal of solid particles, while secondary treatment aims to decompose 
organic matter via microbial processes. Yet, such treatments yield relatively high operational and 
maintenance costs (Crini G., E. Lichtfouse, 2019). 

Considering the importance of wastewater treatment with microorganisms, it was proposed to evaluate in 
vivo the quality of stream wastewater using a combination of anaerobiosis technique with anaerobic bacteria 
and microalgal consortium. 

Materials and Methods 

The scheme of the remediation process using anaerobiosis followed by microalgae consortium performance 
in the present study followed the development of the following stages as illustrated in Figure 1.   

 

Figure 1. Overview of the Phenomenon of Wastewater Treatment by Microalgae.  

Source: Phycoremediation Laboratory, Faculty of Agricultural Sciences, University of Sucre. 

The contamination indicator parameters evaluated in pretreatment, treatment in anaerobiosis and with 
microalgal consortium are described in Table 1. 

Table 1. Physical And Chemical Parameters Evaluated in the Field Test of The Wastewater Contaminant 

Removal Process. 

Parameters Units 

Dissolved Oxygen (In situ) 
mg/L 

Turbidity  UNT 

Salinity UPS 

Total Solids mg/L 

BOD5 mg O2/L 

COD mg O2/L 

Nitrates mg N-NO3/L 

Orthophosphate mg P-PO4/L 

Phenols mg /L 

Total Phosphorus mg P/L 
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The physical and chemical parameters were evaluated at the beginning of the experiment, after 24 hours in 
the anaerobiosis process and after 5, 10, 15 and 20 days in the phycoremediation process with microalgal 
consortium. 

Results and Discussion 

Figure 2 shows the results of the remediation processes of organic pollutants in stream water by 
anaerobiosis technique. The results show the efficiency of the anaerobiosis process of the chemical 
parameters indicating contamination, observing a reduction of these compounds 24 hours after submitting 
the contaminated water sample to the presence of a consortium of anaerobic bacteria. As stated by Mara, 
(2004); Calijuri et al., (2009); Rojas et al., (2010), among the main advantages are: lower cost of facilities, no 
need to supply oxygen so the process is more economical and lower energy requirement, in addition to 
producing low amounts of sludge compared to aerobic technologies.  It can also be implemented in 
compact systems that require less land area than lagoon systems. However, these systems have 
disadvantages such as: they require a longer contact or hydraulic retention time, as well as more time for 
acclimatization, which prevents the treatment of large volumes of wastewater and difficulties in treating 
wastewater with low organic loads. Generally, post-treatment is required either for discharge into receiving 
bodies or for reuse.  

 

Figure 2. In Vivo Test for Remediation of Indicator Pollutants in Wastewater Using Anaerobic Bacteria Over A 24-

Hour Time Period. 

Table 2 shows the percentage of pollutant removal by anaerobiose process. The results of the present study 
indicate that the technique favors the reduction of nitrates by 39.15% and total solids by 21.39%, while for 
the other wastewater pollution indicator parameters the percentage of removal is less than 6%. 

Table 2. Results Of Wastewater Anaerobiosis After 24 Hours of Treatment with Anaerobic Bacteria 
Consortium 

Indicators Pre-processing Anaerobiose % removal  

Dissolved Oxygen (mg/L) 2,28 0,15 93,42 

Turbidity (UNT) 26,6 81,1 negative 

Salinity (UPS) 0,427 0,408 4,45 

Total Solids (mg/L) 561 441 21,39 

BOD5 (mg O2/L) 45 44,1 2 

COD (mg O2/L) 85,6 89,4 negative 

Nitrates (mg N-NO3/L) 21,2 12,9 39,15 

Orthophosphate (mg P-PO4/L) 1,7 1,6 5,88 

Phenols (mg/L) 0, 093 0,068  negative 
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Total Phosphorus (mg P/L) 2,55 2,42 5,10 

En la figura 3, se describen los resultados del preprocesamiento y el tratamiento con consorcio de 
microalgas. Table 3 shows the removal capacity of the microalgal consortia in wastewater.  Note in the table 
that the percentage of removal for indicators of wastewater contamination was above 48%. The highest 
percentage of removal was for orthophosphates with 99%, followed by nitrates with 96.67%, total 
phosphorus with 92.55%, total solids with 75.65%. There was also an increase in dissolved oxygen and an 
increase in biological oxygen demand and chemical demand of over 62%. 

 

Figura 3. Ensayo in Vivo De Remediación De Contaminantes Indicadores En Aguas Residuales Utilizando Un 

Consorcio Microalgal Durante 20 Días. 

Table 3. Results of the Percentage Removal of Physical and Chemical Indicators of Wastewater 

Contamination Using Microalgal Consortium. 

       

Indicators 
Pre-
processing 

5 day 
Microalgae 

10 day 
Microalgae 

15 day 
Microalgae 

20 day 
Microalgae 

% 
removal 

Dissolved 
Oxygen 
(mg/L) 

2,28 10,79 8,72 7,58 7,4 
Increases 

Turbidity 
(UNT) 

26,6 24 14 10,5 1,4 
94,74 

Salinity (UPS) 0,427 0,185 0,192 0,201 0,189 55,74 

Total Solids 
(mg/L) 

561 280 273 141 131 
76,65 

BOD5 (mg 
O2/L) 

45 24,9 42,8 19,5 16,7 
62,89 

COD (mg 
O2/L) 

85,6 163 75 61 32 
62,62 

Nitrates (mg N-
NO3/L) 

21,2 12,9 2,72 1,79 0,706 
96,67 

Orthophosphat
e (mg P-
PO4/L) 

1,7 0,952 0,43 0,06 0,016 
99,06 

Phenols 
(mg/L) 

0, 193 0,062 0,100 0,100 0,100 
48,19 
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Total 
Phosphorus 
(mg P/L) 

2,55 1,16 0,55 0,42 0,19 
92,55 

As expressed by Garcia et al., (2019), un hybrid system consisting of bacteria and four microalgae species 
(Chlamydomonas sp., C. kessleri, C. vulgaris, and Scenedesmus acutus) can remove 85–91%, 91–93%, and 97–99% 
of nitrogen, phosphorous, and zinc from piggery wastewater C. vulgaris cultivated with bacteria belonging 
to different phyla (mainly Proteobacteria) can remove 93–95%, 100%, and 81–85% of TOC, TP, and Zn 
in municipal wastewater (Garcia et al., 2017). 

From there, we sought to improve the Biological Oxygen Demand parameters since this is indicative of the 
levels of organic matter susceptible to aerobic biological degradation, which is determined by the 
consumption of oxygen and microalgae, as consumers of oxygen that they use to breathe, increase, precisely 
the BOD5. Biological oxygen demand (BOD5) is a measure of the amount of dissolved oxygen needed by 
aerobic microorganisms to break down the organic matter present in the water. It is a parameter used to 
evaluate water quality according to its ability to support aquatic life. BOD5 is used as an indicator of water 
quality and the level of organic pollution in the water. Elevated levels of BOD5 in water can indicate the 
presence of organic pollutants, which can lead to oxygen depletion and have negative impacts on aquatic 
ecosystems. 

As indicated by Pérez Silva and Vega-Bolaños, (2016); Ballén Segura et al., (2016); Saranya y Shanthakumar, 
(2019), with respect to nitrate and nitrite removal, the genus Scenedesmus, presents the ability to remove 
high levels above 90%, while Chlorella and Pseudochlorella reached a removal value of 65%.  

As indicated by Pena el al., (2020); Ballén-Segura et al., (2016), the genera Chlorella and Pseudochlorella 
demonstrated a removal level of 100% (Saranya and Shanthakumar, 2019), followed by the genera 
Tetraselmis and Scenedesmus with values above 94%. 

As suggested by Gonzalez-Fernandez et al., (2011), the term microalgae include both prokaryotic 
(cyanobacteria) and eukaryotic (green algae, diatoms) photosynthetic microorganisms. Being different, both 
microorganisms are produced in the same way and perform photosynthesis in the same manner. Microalgae 
are fast-growing microorganisms that are produced in water and can be cultivated under different 
conditions throughout the world. Microalgae include both autotrophic and heterotrophic species. 
Autotrophic microalgal species use sunlight as a source of energy for photosynthesizing their food. They 
are quite difficult to grow in wastewaters but their capability to supply oxygen to aerobic bacteria for 
degradation of organic pollutants makes them applicable in microalgae-based wastewater treatment systems 
for enhancement of pathogen and nutrient removal. 

 As stated by Yadav et al., (2021), microalgae remove pollutants from wastewater through certain biological 
and metabolic processes like glycolysis, oxidative phosphorylation, adsorption, accumulation, volatilization, 
immobilization. We have discussed here the most common and important mechanisms- adsorption, 
accumulation, biodegradation, and immobilization.  

As indicated by Zhu et al., (2019); Huo et al., (2020), it has been reported that microalgae-based hybrid 
systems are more efficient in treating wastewaters as compared to single microalgae culture. The evidence 
shows as they put it Nguyen et al., (2020); Sun et al., 2020; Vasistha et al., (2020), microalgae are commonly 
integrated with bacteria, activated sludge, yeast, and nanoparticles to form a co-culture system aimed to 
provide more benefits during remediation. The remediation potential of hybrid systems depends upon 
certain factors like wastewater composition, operating conditions, the ratio of microalgae to inoculum (Zhu 
et al., 2019). In the following sub-sections, we have discussed few hybrid systems. 

According to the evidence of Kumar and Singh, (2017), the combination of microalgae and bacteria affect 
each other’s physiology and metabolism synergistically. The microalgae fix carbon through photosynthesis 
and convert it into organic carbon; the bacteria utilize the carbon source and convert it into CO2. The 
released CO2 is then used by microalgae. In this association, under any environmental circumstances, 

https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v3i4.6686


Journal of Ecohumanism 
2024 

Volume: 3, No: 4, pp. 3666 – 3672 
ISSN: 2752-6798 (Print) | ISSN 2752-6801 (Online) 

https://ecohumanism.co.uk/joe/ecohumanism  
DOI: https://doi.org/10.62754/joe.v3i4.6686  

3671 

 

biomass growth is gushed up ascribed to the simultaneous exchange of inorganic and organic nutrients 
between respiration and photosynthesis processes performed by algae and bacteria. Similarly, as indicated 
by Jiang et al., (2021), bacteria also help in flocculation besides promoting algal growth. Since both these 
processes are vital in algal biotechnology, therefore cultivating algae with bacteria and exploiting their 
symbiotic relationship to treat nutrient-rich wastewater is extended over wider industrial applications.  

Conclusion 

Among the several technologies and methods employed for the elimination of contaminants from 
wastewater, Chlorella microalgae showed its high ability as a sustainable and cost-effective method with 
good performance. Chlorella vulgaris was the most studied species for its application in wastewater 
bioremediation and bioproduction over the past few years, simultaneously addressing both wastewater 
treatment challenges and renewable resource demand. The results show that a more efficient remediation 
process of organic pollutant load in water is the use of a previous treatment with anaerobic bacteria to 
reduce the pollutants through the use of some of these compounds by the bacteria and after 24 hours 
continue with microalgal consortium to guarantee the decontamination or elimination of the total pollutants 
from the water and to be able to reuse that water for other agricultural activities. 
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