
 

 

 CHEMICAL ENGINEERING TRANSACTIONS  
 

VOL. 64, 2018 

A publication of 

 
The Italian Association 

of Chemical Engineering 
Online at www.aidic.it/cet 

Guest Editors: Enrico Bardone, Antonio Marzocchella, Tajalli Keshavarz
Copyright © 2018, AIDIC Servizi S.r.l. 
ISBN 978-88-95608- 56-3; ISSN 2283-9216 

Production of Chlorella vulgaris Biomass on UV‐treated 
Wastewater as an Alternative for Environmental Sustainability 

on High‐Mountain Fisheries 
Luisa Guiza-Francoa, Luis G. Orozco-Rojasa, Edwar M. Sánchez-Galvis b, Janet B. 
García-Martíneza, Crisóstomo Barajas-Ferreiraa, Antonio Zuorroc, Andrés F. 
Barajas-Solano*d.  
a Universidad Industrial de Santander, Research Center for Sustainable development in industry and energy, Cra 27 calle 9, 
Bucaramanga, Santander, Colombia.  
b Universidad de Santander UDES, Facultad de Ingenierias, Grupo Ambiental de Investigación Aplicada-GAIA, Calle 70 N° 
55-210, Bucaramanga, Santander, Colombia. 
c Sapienza University of Rome, Department of Chemical Engineering, Materials and Environment., Italy.  
d Universidad Francisco de Paula Santander, Facultad de Ciencias del Medio Ambiente, Grupo Ambiente y Vida, Avenida 
Gran Colombia No. 12E-96, Cúcuta, Norte de Santander, Colombia. 
andresfernandobs@ufps.edu.co 

The sustained expansion of agricultural industry in Colombian high-mountain has led to an increased size of 
residues, especially untreated wastewater. This untreated water is an urgent matter for public and 
environmental health, not only by its nutrient concentration (composed especially of food residuals and feces) 
but also the presence of pathogens (virus, bacteria, etc.) which are discharged to the environment. 
The overall objective of this work is to evaluate the effect of UV-treated wastewater from a high-mountain 
fishery as culture media for the production of Chlorella vulgaris as a sustainable method for nutrient and water 
recirculation on the fishery production system. The UV-canal efficiency was evaluated by the implementation 
of an experimental factorial design (time, distance of the UV-lamps towards the canal, number of UV-lamps 
and the sample concentration) using STATISTICA 7.0 software. Results shown that time (3 to 5 minutes) and 
the number of lamps (3-4) of 15 Watts eliminate completely coliforms from the samples. 
After UV-treatment the resulting water was test as culture media for C. vulgaris production by the adjustment 
of C/N ratio (Sodium Carbonate/potassium nitrate) by the implementation of an experimental 23 factorial 
design. Results shown that higher nitrate concentrations (>0,22 g/L) and moderate carbonate concentrations 
(1 g/L) increase the final biomass concentration up to 4g/L in 20 days. 

1. Introduction 

According to FAO (2014), Limited Resource Aquaculture is one of the largest systems in Latin-America, where 
about 100,000 rural families have some kind of aquaculture system for the generation of proteins, bio 
fertilizers and others; This has allowed the improvement of food security in rural families in the region, 
transforming micro and small-scale aquaculture into an important income generator for small producers.  
In Colombia, the fishing and aquaculture industry are two important sectors in the production of food for 
domestic consumption and exports, which contribute to overcoming poverty in rural areas (AUNAP-FAO, 
2014), however, aquaculture has grown exponentially (13% annually during the last 27 years), displacing the 
fishing industry in 2011, due to the increase in production costs and the prolonged stagnation of the prices of 
final products. Colombian aquaculture is heavily concentrated in most of the departments of the Andean 
Region and in some departments of the Amazon and Orinoquía regions. These systems are characterized by 
being in agricultural families dedicated exclusively to aquaculture production; However, this accelerated 
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growth entails certain restrictions among these can be highlighted three: food demand, high volume of fresh 
water used and high concentration of wastewater (Martins et al., 2010; Mook et al., 2012; Chen et al., 2015). 
The high volume of fresh water and wastewater are undoubtedly the main problem to solve. In these family 
systems, residual water is charged with high levels of nitrogen and phosphorus (Crab et al., 2007), 
contributing to the increase in the concentration of organic residues and toxic compounds in aquatic systems 
(Vezzulli et al., 2008; Gondwe et al., 2012, Lananan et al., 2014); which causes an imbalance in the 
ecosystem by favoring the reduction of available oxygen, thereby allowing the proliferation of harmful 
microorganisms and the disappearance of native aquatic species (Muthukumaran et al., 2013;. Lan, 2014). 
Options for the treatment of aquaculture wastewater have been sought over the years. Various biological and 
chemical methods have been successfully used to eliminate phosphate and nitrogen (Ebeling et al., 2003), 
thus improving the quality of the effluent (Van rijn et al., 1996). However, the chemical precipitation 
phosphorus is a less environmentally friendly technique, since it can generate sludge with high degree of 
contamination (Gao et al., 2016). Other processes used are UV radiation, filtration and photosynthetic 
biological processes (Ludzack et al., 1965). Bioremediation as an alternative to waste water treatment in the 
aquaculture industry is one of the most promising and environmentally friendly practices since it naturally 
involves bacteria and microalgae (Lananan et al., 2014). This process has the function of transforming 
inorganic nutrients present in the medium (NO3, PO4, etc) and CO2 into organic compounds such as proteins, 
carbohydrates, lipids and other macronutrients through photosynthesis (Gao et al., 2016) which can be used 
as feed (Michels et al., 2014). 
Currently, microalgae culture is not yet a competitive method of nutrient removal in the intensive aquaculture 
industry, mainly due to the slow growth rate and the presence of competitive microorganisms (Gao et al., 
2016). The present project focuses on the use of microalgae for the treatment of aquaculture wastewater 
effluents as a source of biomass for the Colombian aquaculture industry. 

2. Materials and Methods 

2.1 UV Disinfection  

Prior to algae cultivation wastewater it was decided to eliminate the coliforms present through the use of UV 
lamps, however due to not knowing the operating conditions that allow the maximum elimination of this type of 
pathogens it was decided to use a 43 design of experiments (4 factors, 3 levels) in STATISTICA 7.0 (Statsoft, 
2004) using as variables the number of lamps, concentration of medium to be treated, time and distance of 
exposure. 
Because the software does not recognize qualitative values, a response range of 0 to 1 was assigned, being 1 
the positive response (absence of coliforms) and 0 the negative response (presence of coliforms) (Table 1). 
For the development of the experiments 15-Watt UV lamps were used in a radiation chamber with a 50 mL 
glass channel. After completion of each treatment, 2 mL of sample was inoculated aseptically into 65% (w/v) 
Fluorocult LMX medium (MERCK) and incubated for 24 hours at 37°C. 

Table 1:  Design of experiments for UV disinfection 

Time (min) Distance (cm) # of UV lamps WW concentration (%v/v) 
1 2 2 50 
3 4 3 75 
5 6 4 100 
 

2.2 Microalgae culture on UV treated wastewater  

Chlorella vulgaris UTEX 1803 was purchased from the collection of strains from the University of Texas 
(Austin, Texas, USA). The algae were maintained in modified Bold Basal medium (Andersen et al., 2005). 
In order to determine the viability of microalgae biomass production, the concentration of carbon (sodium 
carbonate) and nitrogen source (Potassium nitrate) were adjusted using a 23 design of experiments (2 factors, 
3 levels) (Table 2) without adding micronutrients. 
Experiments were performed during 15 days in 500 mL GL 45 clear glass laboratory bottles previously steam 
sterilized (120°C, 60 min), each experiment was coupled to a bubbling aeration system with an air flow of 0.6 
L/L of culture media. After 15 days, total biomass, total ash and total proteins were calculated according to 
Moheimani et al., (2013). 
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Table 2:  Design of experiments for algae cultivation 

KNO3 (g/L) Na2CO3 (g/L) 
0,5  0,063 
1 0,125 
1,5 0,188 

3. Results and Discussion 

3.1 UV Disinfection efficiency 

Results obtained from the experiments of UV show that the most influential variables in the elimination of 
coliforms were the exposure time (min) and the number of lamps used (Figure 1), where the optimal 
conditions are exposure times between 5-7 minutes and the use of 3-5 (15 Watt) UV lamps. 
The use of UV treatments in agro-industrial and domestic sewage is extensive and varied, where the type of 
industry strongly influences the most relevant variables and operating conditions. According to the data 
reported by Velásquez et al., (2016), a significant reduction of the total presence of coliforms (<565,000 
Nmp/100 mL) in sewage from poultry farms requires the use of UV lamps of 20 Watts (360 nm) for 5 min; On 
the other hand, Hassem et al., (1999) reported that, in order to reduce the presence of coliforms up to 103 
Nmp/100 mL in waste water from a domestic PTAR, only a UV lamp of 65 Watts (254 nm) and an exposure of 
0,5 min is required. 
In other studies, catalysts dissolved in water (homogeneous photocatalysis) have been used to generate 
hydroxyl radical’s toxic to pathogens. According to Guimarães et al., (2010), coupling 100 Watt lamp with TiO2 
and an exposure time of 120 minutes can completely reduce (0%) the survival rate of different pathogenic 
microorganisms; On the other hand Watts et al (1995) applied a heterogeneous photocatalysis process (using 
TiO2 coupled with 15 Watt lamp) in an effluent from a secondary treatment of domestic wastewater (Hannover, 
Germany), were able to reduce the number of total coliforms, (5x105 UFc/100 mL) and fecal coliforms (1x104 

Ufc/100 mL). the differences in the efficiencies presented in the aforementioned works may be due to the 
wastewater source, which may affect the final concentration of coliforms and reduce (or increase) the final 
efficiency of the UV system. 

 
Figure 1. Surface response for coliform elimination 
 

3.2 Biomass production on UV treated wastewater  

After the UV-treatment results shown that in all the experiments the algae grown without any complication, 
and biomass was produced; however, due to the different levels on the nitrogen and carbon source some 
experiments were able to increase the concentration of biomass. The surface response (Figure 2) shows 
higher concentrations of nitrate (> 0.22 g/L) and concentrations of up to 1 g/L of carbonate, it is possible to 
obtain up to 4 g/L of biomass within 15 days. On the other hand, the results obtained for each of the 
experiments (Figure 3 left) from the modification in the concentration of sodium carbonate and potassium 
nitrate show that the highest concentration of biomass was obtained in the experiments with the highest 
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concentration of nitrogen (experiments 9 and 2) reaching values of up to 3.69 (g/L) for experiment 9 and 3.48 
(g/L) for experiment 2. 
The concentration of biomass obtained in the experiments is congruent with that described by Borowitzka 
(1999), since nitrogen is one of the nutrients that most affects cell growth; In addition, significant changes in 
the concentration of this nutrient in the medium can drastically modify biomass productivity, concentration and 
final composition especially pigments and proteins (Sánchez et al., 2001). When checking the values for 
protein and ash for each of the experiments it was found that in each of the treatments the ash concentration 
in the biomass was close to 10% (w/w). On the other hand, the final protein concentration varies significantly 
from values as low as 40% (w/w) in the control to higher values (up to 60% w/w) in experiment 9.  
These results are in accordance with those reported by Converti et al., (2009), Uslu et al. (2011) and Ordog et 
al. (2012), where they emphasize that the final concentration of proteins depends directly on the presence of 
nitrogen in the medium; thus, at higher concentrations of assimilable nitrogen in the media it is possible to 
obtain higher protein concentrations in the final biomass. 
 

 
Figure 2. Surface response for biomass production 
 

 

Figure 3. Biomass concentration (left) and total protein and ash in biomass (right). 
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4. Conclusions 

The results obtained show that under the parameters studied, the number of UV lamps used, and the 
exposure time are the variables that most positively affect the removal of pathogens as coliforms in a 50 mL 
sample. Optimum conditions for removal are in the range of 3-5 15 Watt UV lamps for 5-7 minutes. Another 
important result to highlight is that this type of treatment does not negatively affect algae growth, therefore UV 
treatment can be a simple way for the elimination of microorganisms that can generate competition for algae. 
On the other hand, biomass results show that aquaculture wastewater is rich enough in nutrients; therefore, 
apparently does not require to be supplemented with different micro and macronutrients (except nitrogen) for 
the production of microalgae. The latter poses a new scenario where the possibility of obtaining significant 
biomass concentrations (up to 4 g/L in 15 days) without adding extra nutrients (such as magnesium, 
potassium, sodium, etc.) that increase the cost of production opens of this type of systems. 

Acknowledgments  

The Authors thanks to Universidad de Santander UDES, Universidad Industrial de Santander UIS and 
Universidad Francisco de Paula Santander for providing materials and equipment for successfully conclude 
this research. Finally, the authors thank the Departamento Administrativo de Ciencia, Tecnología e Innovación 
COLCIENCIAS, for its Francisco José de Caldas scholarship program to support national PhD doctorates.  

Reference  

Andersen R.A., Berges J.A., Harrison P.J. Watanabe M.M., 2005. Appendix A—Recipes for Freshwater and 
Seawater Media In Andersen, R.A.(Ed). Algal Culturing Techniques (pp 429-538). Burlington, MA: Elsevier 
Academic Press. 

Borowitzka M.A. 1999. Commercial production of microalgae: ponds, tanks, tubes and fermenters. J 
Biotechnol, 70, 313-321. 

Chen S., Yu J., Wang H., Yu H., Quan X., 2015. A pilot-scale coupling catalytic ozonation–membrane filtration 
system for recirculating aquaculture wastewater treatment. Desalination 363, 37–43. 

Converti A., Casazza A,A., Ortiz E.Y., Perego P., Borghi, M.D., 2009. Effect of temperature and nitrogen 
concentration on the growth and lipid content of Nannochloropsis oculata and Chlorella vulgaris for 
biodiesel production. Chem Eng. Process: Process Intens, 48, 1146-1151. 

Crab R., Avnimelech Y., Defoirdt T., Bossier P., Verstraete W., 2007. Nitrogen removal techniques in 
aquaculture for a sustainable production. Aquacult 270, 1–14. 

Ebeling J.M., Sibrell P.L., Ogden S.R., Summerfelt S.T., 2003. Evaluation of chemical coagulation–flocculation 
aids for the removal of suspended solids and phosphorus from intensive recirculating aquaculture effluent 
discharge. Aquacult. Eng. 29, 23–42. 

FAO., 2014. Perspectivas de la agricultura y el desarrollo rural en las Américas: Una mirada hacia América 
Latina y el Caribe. 1-62. 

Gao F., Li C., Yang Z., Zeng G., Feng L., Liu J., Liu M., Cai H., 2016. Continuous microalgae cultivation in 
aquaculture wastewater by a membrane photobioreactor for biomass production and nutrients removal. 
Ecol Eng, 92, 55–61. 

Guimarães J.C., Ibáñez J., Litter M.I., Pizarro R., 2010. Desinfección del agua - Métodos de tratamiento de 
agua por agente químico de desinfección. 

Gondwe M.J., Guildford S.J., Hecky R.E., 2012. Tracing the flux of aquaculture derived organic wastes in the 
southeast arm of Lake Malawi using carbon and nitrogen stable isotopes. Aquacult 350, 8-18. 

Hassen A., Mahrouk M., Ouzari H., Cherif M., Boudabous A., 2000. UV disinfection of treated wastewater in a 
large-scale pilot plant and inactivation of selected bacteria in a laboratory UV device. BioresourTechnol. 
74(2), 141-150. 

Lananan F., Abdul Hamid, S.H., Sakinah Din, W.N., Ali, N., Khatoon, H., Jusoh, A., Endut, A., 2014. Symbiotic 
bioremediation of aquaculture wastewater in reducing ammonia and phosphorus utilizing Effective 
Microorganism (EM-1) and microalgae (Chlorella sp.). Int Biodet & Biodeg, 95, 127-134. 

Ludzack F.J., Noran P.K., 1965. Tolerance of high salinities by conventional wastewater treatment process. J. 
Water Pollut. Control Fed. 37(10), 1404–1416. 

Martins C.I.M., Eding E.H., Verdegem M.C.J., Heinsbroek L.T.N., Schneider O., Blancheton J.P., d’Orbcastel 
Roque E., Verreth J.A.J., 2010. New developments in recirculating aquaculture systems in Europe: a 
perspective on environmental sustainability. Aquac. Eng. 43, 83–93. 

Michels M.H.A., Vaskoska M., Vermue M,H., Wijffels R.H. 2014. Growth of Tetraselmis suecica in a tubular 
photobioreactor on wastewater from a fish farm. Water research, 65, 290-296. 

521



 

 

Moheimani N.R., Borowirzka M.A., Isdepsky A., Sing S.F., 2013. Standard methods for measuring growth of 
algae and their composition. In: Borowitzka, M.A, Moheimani, N.R (eds) Algae for biofuels and energy. 
Springer, Dordrecht, pp 265–284. 

Mook W.T., Chakrabarti M.H., Aroua M.K., Khan G.M.A., Ali B.S., Islam M.S., Hassan M.A. 2012. Removal of 
total ammonia nitrogen (TAN), nitrate and total organic carbon (TOC) from aquaculture wastewater using 
electrochemical technology. Rev. Desali. 285, 1–13. 

Muthukumaran S., Baskaran K., 2013. Organic and nutrient reduction in a fish processing facility -  A case 
study. International Biodeterioration & Biodegradation. 85, 563-570. 

Ordog, V., Stirk, W.A., Balint, P., van Standen, J., Lovasz, C. (2012). Changes in lipid, protein and pigment 
concentrations in nitrogen stressed Chlorella minutissima cultures. J App Phycol, 4, 907-914. 

Sánchez, S., Martínez, M., Espejo M, Pacheco, R., Espinola, f., Hodaifa, G. (2001) Mixotrophic culture of 
Chlorella pyrenoidosa with olive-mill wastewater as the nutrient medium. J Appl Phycology, 13, 443-449. 

Statsoft, INC. 2004. STATISTICA (data analysis software system), Avaiable at: www.statsoft.com . 
Uslu L., Lsik O., Koc K., Goksan T., 2011. The effects of nitrogen deficiencies on the lipid and protein contents 

of Spirulina platensis. Af J Biotechnol. 10(3): 386-389. 
Van Rijn J., 1996. The potential for integrated biological treatment systems in recirculating fish culture—a 

review. Aquacult 139, 181–201. 
Vezzulli L., Moreno M., Marin V., Pezzati, E., Bartoli, M., Fabiano, M., 2008. Organic waste impact of capture-

based Atlantic blue fin tuna aquaculture at an exposed site in the Mediterranean Sea. Estuar. Coast. Shelf 
Sci. 78, 369-384. 

Watts R., Kong S., Orr M. P., Miller G.C., Henry B. E.1995. Photocatalytic inactivation of coliform bacteria and 
viruses in secondary wastewater effluent. Wat. Res., 29, 95-100 

 
 
 
 

522




