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1. Introduction – Microalgae are photosynthetic microorganisms with a remarkable potential for effluent 

bioremediation due to their rapid growth rate, CO2 fixation ability and efficient removal of nitrogen, 

phosphorus, and several pollutants [1]. Moreover, the resulting biomass can be used in several 

applications, particularly biodiesel production. However, effluents present a widely variable composition, 

depending on the type of wastewater, location, and time of collection. For microalgae-based treatment 

systems, it is essential to understand how these variations, particularly in nitrogen and phosphorus 

concentrations, can impact microalgal growth, nutrient removal, and biomass composition.  

 

2. Experimental – In the present work, the microalga Chlorella vulgaris was cultured in 5-L 

photobioreactors operating in batch mode using synthetic wastewater as the culture medium, with 

different nitrogen and phosphorus concentrations to mimic the compositions of real wastewaters. Ten 

different assays were conducted with nitrogen to phosphorus (N:P) molar ratios ranging between 2 and 65 

to include values reported in the literature for various real effluents. Microalgal growth parameters and 

nutrient concentrations were monitored for each assay, and the final biomass was analysed in terms of 

lipids, proteins, carbohydrates, and pigments. 

 

3. Results and Discussion - C. vulgaris grew successfully in all the experimental conditions, and the 

growth behaviour was similar between the assays. Growth parameters such as the specific growth rate, 

maximum biomass concentration, and average biomass productivity did not largely differ between 

experiments, indicating that the nutrient concentration did not significantly impact the microalgal growth. 

In terms of nutrient removal, this microalga efficiently removed nitrogen and phosphorus from the 

synthetic effluents. For ratios 2-26, the nitrogen removal rates increased with the increase of the initial 

nitrogen concentration. The same correlation was found in the phosphorus removal rates for ratios 20-65: 

increasing phosphorus concentration increased the removal rate. Moreover, the results showed that with 

low N:P ratios, nitrogen concentration could limit phosphorus uptake by microalgae, while phosphorus 

concentration might limit nitrogen uptake with high ratios. Hence ratios between 9 to 27 appear to be the 

ideal range in terms of nutrient removal. Regarding the biomass composition, the protein, pigment, and 

carbohydrate content varied between the different N:P ratios without an apparent pattern. However, 

higher lipid contents were observed in the nutrient-limited assays, which might be beneficial for 

applications such as biodiesel production.  

 

4. Conclusions 

Overall, the results demonstrated that C. vulgaris could easily adapt to different nutrient concentrations, 

efficiently removing these nutrients from the synthetic effluents. Moreover, the resulting biomass had 

similar lipid contents for a wide range of N:P ratios, which is useful for maintaining the process's 

consistency when working with real wastewaters. In conclusion, the present study indicates that 

microalgae-based systems can be an efficient, reliable, and sustainable technology for wastewater 

treatment. 
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