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Abstract. This study evaluated the ability of two mixed populations of photosynthetic microorganisms, a
cyanobacteria-green microalgae consortium (C1) and a special laboratory-designed cyanobacteria-green
microalgae consortium (C2), to remove organic and inorganic contaminants from various wastewaters. During
these experiments, the C1 and C2 consortia were grown on both artificial and real wastewater, and their ability
to remove organic and inorganic compounds was evaluated using a variety of tests. In this regard, the
concentrations of biodegradable organic matter, such as BODs, as well as nitrate, ammonium, and inorganic
phosphorus were measured both before and after wastewater treatment with photosynthetic biomass. During a
five-day experiment in which the consortium was grown on artificial wastewater, the estimated BODs organic
load decreased from 130 mg O to zero, demonstrating the effectiveness of these microorganisms in oxidizing
organic compounds and treating wastewater. In addition, the measured concentrations of nitrate, ammonium,
and inorganic phosphorus revealed an increase in ammonium concentrations and a decrease in nitrate
concentrations, resulting in a decrease of 9% for the two nitrogen-containing compounds and a decrease of
33% for inorganic phosphorus. The increase in ammonium concentration indicates that its assimilation by the
photosynthetic consortium in the presence of organic carbon sources is less intense than its synthesis by
microorganisms in the reaction vessel. In contrast, the decrease in nitrate and inorganic phosphorus
concentrations indicates that their assimilation is greater than their synthesis in the presence of organic carbon
sources. Parallel research was conducted with real wastewater as the growth medium. Similarly, to artificial
wastewater experiments, the photosynthetic consortia demonstrated their ability to oxidize and remove all
organic compounds during the five-day trial. The results showed that the microbial consortium was effective
in removing both organic and inorganic compounds from the wastewater, with significant reductions observed
in BODs, nitrate, ammonium, and inorganic phosphorus concentrations. This suggests that photosynthetic
microorganisms could be a promising solution for wastewater treatment and nutrient recovery. This study
draws attention to an extremely vital topic: the interrelationships between photosynthetic and non-
photosynthetic bacteria in wastewater treatment. In addition, the retention time must be optimized for optimal
organic and inorganic compound removal.
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1 INTRODUCTION

In recent years, in addition to the rapid urbanization of the world's population, the inappropriate
discharge of wastewater into aquatic environments has led to the need for more appropriate and efficient
wastewater treatment methods. The occurrence of inappropriate disposal of wastewaters, which have an
overabundance of nutrients, particularly nitrogen and phosphorus, is a cause for worry because of its ecological
effects such as eutrophication, algal blooms, unrestrained development of some aquatic macrophytes, depletion
of oxygen, loss of major species, and deterioration of freshwater ecosystems (Wang et al., 2010; Doria et al.,
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2012). Traditional treatment methods, such aerobic and anaerobic reactors, are associated with high costs,
intricate operational procedures, significant creation of sludge byproducts, and significant energy
consumption. Such treatment methods can be expensive to implement and moreover can be inefficient and
non-environmentally friendly. Therefore, it is essential to build a technology that is both commercially
successful and ecologically sustainable, using resources that are financially possible. In recent years
wastewater treatment technology has undergone significant innovation with numerous technologies being
developed to reduce pollution caused by human activity. According to Sood et al. (2011), phytoremediation,
which employs plants or algae, is a feasible alternative for the management of wastewater. Due to their high
requirement for nitrogen (N) and phosphorous (P) throughout their growth, microalgae, a general term which
includes eukaryotic microalgae and cyanobacteria, have been used to remove nutrients from wastewater (Mata
et al., 2012). The major advantage of algae-mediated wastewater bioremediation is that it can simultaneously
correct the pH, reduce the total dissolved solids (TDS) and remove both chemical oxygen demand (COD) and
biological oxygen demand (BOD) (Bharagava, 2019; Koul et al., 2022).

Engineered photobioreactors were developed to sustainably treat wastewater with low costs and
efficient carbon, nitrogen, and phosphorus recovery. The photosynthetic microorganisms used in these
photobioreactors can capture solar irradiation via photosynthesis and obtain energy, which is used for their
growth and the assimilation of associated carbon and nutrients. By harnessing the power of photosynthesis,
microalgae not only treat wastewater and capture carbon dioxide from the atmosphere and generate oxygen
but also produce biomass that can be further used as a source of renewable energy. For example, some strains
of algae can be used to produce biofuels, while others can be used to create high-value chemicals and
pharmaceuticals (Rawat et al., 2011). This demonstrates a further benefit of the system. Moreover, the use of
microalgae reduces the need for chemical treatments that can harm the environment. With the growing concern
for sustainable development, this approach is gaining more and more popularity as it offers a viable solution
to address environmental issues while also producing valuable resources. However, there are some challenges
associated with this technology, such as the need for specialized equipment and expertise. Despite these
challenges, the potential benefits of phytoremediation by microalgae make it a promising area for further
research and development. By implementing this technology in various areas such as agriculture, wastewater
treatment, and biofuel production, we can make a positive impact on the environment while also producing
valuable resources for society.

Several studies have demonstrated the effectiveness of using wastewater as a growth substrate for the
proliferation and biomass production of microalgae (Cho et al., 2011; Sydney et al., 2011; Zhou et al., 2012;
Renuka et al., 2013). But most of these studies refer to single-strain cultures. On the other hand, there are other
studies showing that microalgae/cyanobacteria and bacteria consortia are more effective in removing organic
compounds and nutrients from wastewater (Cho et al., 2017; Zhang et al., 2017; Qi et al., 2021; Aditya et al.,
2022; Gururani et al., 2022). This consortium of algae and bacteria can act in a synergistic way much more
effectively than individual microorganisms. However, there are also disadvantages in using microalgae-
bacteria consortia, with the main one being that certain bacteria can inhibit algal growth. For example, an
antagonistic relationship was observed between algae and Leptothrix ochracea in the iron-rich streams
(Sheldon and Wellnitz, 1998).

Therefore, a consortium composed exclusively of photosynthetic microorganisms would be an
interesting approach. According to Subashchandrabose et al. (2011), the combined use of cyanobacteria and
microalgae in consortia has demonstrated effectiveness in the detoxification of organic and inorganic
pollutants, as well as in the removal of nutrients from wastewater, surpassing the capabilities of individual
strains. Mixed populations (co-culture or consortia) can carry out complex procedures that are challenging or
even impossible for individual strains or species (Brenner et al., 2008). Living together may give consortium
members resilience to environmental changes, stability, the ability to survive food shortages, and a greater
efficiency of biomass production and nutrient removal (Bhatnagar et al., 2010; Silva-Benavides and Torzillo,
2012). However, a significant impediment prevents upscaling the use of unicellular microalgae in the treatment
of sewage. This barrier is their microscopic sizes (i.e., 0.5 to 30 pm) which makes the collecting of biomass
labor-intensive and economically unfeasible (Molina Grima et al., 2003). Instead, the use of filamentous
microalgae with length of around 200 pum gives a viable alternative. These microalgae have the potential to
drastically cut harvesting costs since they are easily collected by filtering or by producing aggregates or mats
(Chinnasamy et al., 2010; Chen et al., 2011; Hori et al., 2002).

Therefore, this study evaluated the ability of two mixed populations of photosynthetic microorganisms, a
native (C1) and a specially created in our laboratory (C2) cyanobacteria-green microalgae consortium, to
remove organic and inorganic contaminants from various wastewaters, as compared to single strain cultures.
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2 MATERIALS AND METHODS
2.1 Photosynthetic consortia

Two mixed populations of photosynthetic microorganisms hereinafter referred to as Consortium 1
(C1) and Consortium 2 (C2) were used in this study. Consortium 1 (C1) was previously described (Moisescu
et al., 2018) and consisted of a mixture of photosynthetic populations from the laboratory collection, from a
fish farm, and from domestic aquaria. Consortium 2 (C2) was specially created for this study, by mixing equal
amounts of different microalgal and cyanobacteria strains from the laboratory collection, specially selected for
their water-cleaning capabilities (Ardelean et al., 2017; 2018; 2022) and allowed to acclimatize for consortia
development by periodic transfers into BG11 medium (Zhang et al., 2012). Both C1 and C2 consortia were
maintained in laboratory conditions in an actively growing state.

2.2 Nutrient removal

The nutrient removal efficiency was monitored for 48 h. Briefly, the photosynthetic consortia biomass
initially grown in BG11 medium, was harvested by centrifugation at 7000 rpm for 5 min and the pelleted cells
were washed twice with deionized water. The washed biomass was transferred and cultivated in transparent
plastic boxes, each containing 500 ml of artificial wastewater (AWW) or real wastewater (RWW), at 28°C
under 16500 Ix white fluorescent illumination with a light: dark cycles of 12 : 12 h, for 2 days. These conditions
were kept constant for all the experiments. The AWW composition was formulated according to Takaya et al.
(2003) respectively: 0.085% NaNO3, 0.06% peptone, 0.04% bouillon extract, 0.01% urea, 0.003% NacCl,
0.01% KH2PO4, 0.0014% KCl, 0.002% MgSO4 *7H20, 0.00185% CaCl2 « 2H20; pH 7.2-7.4. Before use,
the AWW was diluted 4 times so that the content of nitrogenous and organic substances to be closer to a real
aquaculture recirculating system situation. The RWW was collected in clean plastic jars from a domestic
aquarium, transported to the laboratory, stored at 4°C, and used at it was for subsequent studies.

For nutrients removal monitoring, 10 ml of sample was collected from each culture box, centrifuged
at 8000 rpm for 7 min, and the cell-free supernatant was used for the analysis of nitrate (NO3), ammonium
(NH.), and phosphate (PO.,).

2.3 Biological oxygen demand (BODs)

The BODs was determined by conventional methods (APHA, 1995, Section 5210) with a BOD Direct
(Hach Lange LZQO087) according to manufacturer instructions. Briefly, the BODs was measured in each water
sample (i.e., AWW and RWW) before and after microbial treatment. The total amount of oxygen used by
microorganisms to decompose the organic matter was recorded during 5 days of incubation in the dark, at
20°C. Each set of experiments was done in duplicate.

2.4 Analytical methods and data analysis

Time-dependent consumption of NOs;, NH4, and PO, was measured spectrophotometrically on a
Specord® 210 Plus (Analytik Jena) using the Spectroguant® reagent test kits (MerckMillipore).
Data analysis was performed with Microsoft Excel software. The nitrification/denitrification rate formula is
(Co — Cn)/h, where Cq is the initial concentration and C, is the final concentration of N source (NH4 or NO3) at
n hour. h is the time of microbial treatment. The removal efficiency percentages were calculated according to
Ansari et al. (2017): Percentage removal % = (IC — FC / IC) x 100, where IC= initial concentration (mg/L)
and FC= final concentration (mg/L).

3 RESULTS AND DISCUSSION
3.1. Consortia growth analysis

The wastewater treatment experiments that used AWW were carried out in parallel with those that used RWW.
Fig. 1 shows the experimental setup for the cultivation conditions of photosynthetic microorganisms during
wastewater treatment experiments. Both C1 and C2 consortia grew well on both types of water (Fig. 1),
maximum biomass content recorded was for C2 on AWW (Table 1).
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Table 1. Biomass content for C1 and C2 recorded on
both types of wastewaters (RWW and AWW)

Biomass (g/l)
Consortium RWW AWW
C1 0.013 1.56
C2 2.73 4.2

Figure 1. Experimental setup overview of cultivation
conditions of photosynthetic consortia C1 (left) and C2
(right) during wastewater treatment experiments.

These results suggest that both C1 and C2 consortia are suitable for use in wastewater treatment
processes, regardless of wastewater composition. The experimental setup used in this study was effective in
cultivating photosynthetic microorganisms, as evidenced by the successful growth of both consortia.
Interestingly, the maximum biomass content was recorded for C2 on AWW, indicating that this consortium
may be particularly effective in treating this type of wastewater. These findings have important implications
for the development of sustainable wastewater treatment systems that can effectively remove pollutants while
also producing valuable biomass. Further research is needed to fully understand the mechanisms underlying
the observed differences in biomass production between the two consortia and to optimize their use in practical
applications.

In our previous studies, the biomass accumulated by C1 grown on AWW was 1.56 g/l in 2 days, while
on RWW it was only 0.013 g/l (Ardelean et al., 2019). For consortium C2, in the present study the biomass
accumulation in 48 hours was 2.73 g/l and 4.2 g/l, on RWW respectively AWW (Table 1). These results suggest
that C1 is not as well adapted to grow on RWW, while C2 is able to thrive in both AWW and RWW. This is
an important finding as it indicates that C2 has the potential to be used in bioremediation processes targeting
both types of wastewaters. Furthermore, the higher biomass accumulation observed for C2 on AWW compared
to RWW suggests that the composition of the wastewater can have a significant impact on microbial growth.
Therefore, it may be beneficial to tailor the composition of wastewater to promote the growth of specific
microbial consortia for efficient bioremediation. Overall, these findings highlight the importance of
understanding microbial adaptation and response to different environmental conditions to develop effective
bioremediation strategies.

Microscopic analysis revealed sizable morphological differences between the two consortia (Fig. 2).

s TK 2 : 5o ] ‘ '_‘/_- > 3 :\

Figure 2. The optical microscope images of consortium C1 (left) and C2 (right).

Regarding their composition, consortium C1 comprises mostly unicellular microorganisms of diverse
sizes ranging between 2 - 6 um, whereas C2 exhibits a combination of size variation and the presence of
filamentous structures. It is plausible that these filaments contribute to the aggregation of the culture and to
the formation of macro aggregates (bioflocs), leading to a better gravitational sedimentation of the culture. The
aspect of these aggregates, along with the time sequence of C2 sedimentation, is depicted in Figure 3.
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Figure 3. The natural gravitational sedimentation of C2 consortium at (a) TO and (b) after 15 minutes, and
(c) approximately 1 h.

3.2. Wastewater characterization

Both AWW and RWW were found to contain the macronutrients (nitrates, ammonia, and phosphates)
necessary for microalgal growth. The initial composition and physicochemical parameters of the two types of
wastewaters are depicted in Table 2. Although the AWW was diluted 4 times, it still contained much higher
concentrations of macronutrients as compared with RWW. The RWW showed a concentration of only 4.56
mg/L ammonia (NH.), 2.64 mg/L of nitrates (NOs), 6.15 mg/L of phosphate (PO.), and 20 mg/L BODs (Table
2). Similar values of wastewater from aquaculture have been reported in the literature (Ansari et al., 2017,
Kurniawan et al., 2021).

Table 2. Chemical composition of artificial (AWW) and real (RWW) wastewater

mg/L BOD5 NO3 NH4 PO4 pH
AWW 130 171.79 10.50 6.99 7.2
RWW 20 2.64 4.56 6.15 7.85

3.3. Nitrogen and phosphorus removal performances of photosynthetic consortia

Due to the rapid growth of the aquaculture industry, a significant amount of wastewater is generated,
leading to concerns about eutrophication in receiving waters (Kurniawan et al., 2021). To mitigate this issue,
it is crucial to remove nitrogen and phosphorus from wastewater before it is discharged into natural water
environments. Photosynthetic microorganisms have shown potential in nutrient removal through
phytoremediation, as they can uptake nutrients and convert them into biomass.

In this study, the measurements made on the AWW in the presence of the C1 consortium revealed an
increase in NH4 concentrations and a decrease in NO3 concentrations, resulting in a decrease of 9% for total
nitrogen compounds and a decrease of 33% for inorganic phosphorus. The increase in NH4 concentration
indicates that its assimilation by the photosynthetic consortium in the presence of organic carbon sources is
less intense than its synthesis by microorganisms in the reaction vessel. In contrast, the decrease in nitrate and
inorganic phosphorus concentrations indicates that their assimilation is greater than their synthesis in the
presence of organic carbon sources. Regarding the evolution of nitrate, ammonium, and inorganic phosphorus
concentrations over time on the RWW, the results demonstrated an increase in PO, concentration, indicating
that their assimilation by C1 microorganisms in the presence of organic carbon sources is weaker than its
synthesis by all microorganisms present in the reaction vessel.

202



Table 3. The removal rates of NH4, NO3 and PO, from AWW and RWW by C1 and C2 consortia.

Removal rates AWW RWW
(mg/L/h) NH, NO3 PO, NH, NO; PO,
C1 0 0.39 0.05 0.02 0.06 0
C2 0.22 1.62 0.09 0.1 0.05 0.12

Table 3. The removal efficiencies of NH4, NOs and PO, from AWW and RWW by C1 and C2 consortia.

Removal AWW RWW
efficiency (%) 48 h | NH, NO3 PO, NH, NO; PO,
C1 0 9 33 14 79 0
C2 99.62 45.73 63.57 100 92.31 95.45

The measurements performed on C2 show a much higher removal efficiency of NHs, POs and NOs in
48 h compared to consortium C1. It can also be observed that when grown on RWW, the elimination
percentages are over 90%.

Thus, the best results were obtained on the C2 consortium grown on RWW, and the decrease over time
in the concentrations of NH4, NOs and PO4 is graphically represented in Fig. 4.
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Figure 4. Nutrient removal efficiency over time (48 h) of ammonium (NH,), nitrate (NO3) and phosphate
(POa4) by C2 consortium in real wastewater.

Although both microalgae and cyanobacteria have demonstrated varying efficacies in terms of nutrient
removal rates when grown as stand-alone cultures (Cho et al., 2011), consortia have a far greater capacity to
remove nutrients than monocultures.

In a previous study (Ardelean et al., 2022), using the same type of artificial wastewater but with native
stand-alone axenic microalgal strains (strains that are now part of consortium C2), the following results were
obtained during a three days trial: Rd-N strain had an efficiency of 100% for NH4 removal, 5% for NOs, and
92% for POy, Ra strain had an efficiency 90% for NH., 3% for NOs, and 83% for PO, and the removal
efficiencies by Ra-N were 0% for NHa, 7% for NO3 and 80% for PO4. By comparing the results obtained by
consortium C2 in this study, it can be observed that the efficiency of NO3; removal is greatly improved, which
can be attributed to the presence of cyanobacteria in the mixture. Additionally, slight differences can be
observed in the removal of PO4, but it should be noted that the duration of the experiments in this study was
48 hours, compared to the previously presented results where the experiments spanned 72 hours.

Besides the content of NO3s, NH4 and POy, the content of biodegradable organic matter such as BODs,
was determined for the AWW and RWW before and after the 48 h contact with the photosynthetic biomass.
In case of C1, the organic load of both AWW and RWW estimated as BODs, drops from 130 mg Oz respectively
20 mg Oy, to zero. Following the activity of C2 consortium, the organic load drops from 130 to 15 mg O in
the case of AWW, and from 20 to 13 mg O in the case of RWW. In the European Union, according to the
Water Framework Directive (Directive 2000/60/EC), for rivers and lakes, an effluent is considered to be of
good quality when the BOD5 value is below 2 mg/l. However, it is important to note that these values can vary
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depending on the country, region, and specific purpose of water use. In Romania, the legal standard for the
BODS5 value in wastewater effluent is established by Law no. 241/2006 on wastewater treatment. According
to this law, the maximum permissible value for BOD5 in effluent from treatment plants is 25 mg/I.

These results add to the results regarding the evolution over time (48 h) of the concentrations of NOs,
NH., and POy, presented in Table 3 and 4 and demonstrate the potential of photosynthetic microorganisms in
oxidizing organic substances and cleaning wastewater.

4 CONCLUSIONS

In this work, the removal of nitrogen, phosphorus, and organic carbon from a growth medium with a
composition that can be assimilated to the composition of real wastewaters, either domestic or from fish farms,
was examined for two photosynthetic consortia (C1 and C2). During two days of experimental time, both of
the studied consortia could simultaneously remove nitrogen, phosphorus, and carbon, however, C2 was shown
to be more effective. The composition in microbial species of C2 consortia seems to be more equilibrate and
adequate, suggesting its potential for future applications in the biological treatment of real wastewater. The
retention time must be optimised for optimal organic and inorganic compound removal and the addition of
nutrients may also enhance the efficiency of C2 consortia. Additionally, the use of C2 consortia in combination
with other treatment technologies such as membrane filtration or electrochemical processes may further
improve wastewater treatment. However, more research is needed to fully understand the mechanisms behind
C2 consortium's effectiveness and to optimize its use in different wastewater treatment scenarios. Overall, C2
consortia shows promise as a sustainable and efficient solution for treating real wastewater and reducing
environmental pollution caused by organic and inorganic compounds.

5 ACKNOWLEDGEMENTS
This work is funded by ABAWARE Project, financed under the ERA-NET Cofund WaterWorks2015 Call and
by project no. RO1567-1BB05/2023 from the Institute of Biology Bucharest, Romanian Academy.

REFERENCES

Aditya, L., Mahlia, T.M., Nguyen, L., Vu, H., Nghiem, L. (2022). Microalgae-bacteria consortium for
wastewater treatment and biomass production. Sci. of the Total Environ., 838: 155871.

Ansari, F.A., Singh, P., Guldhe, A., Bux, F. (2017). Microalgal cultivation using aquaculture wastewater:
Integrated biomass generation and nutrient remediation. Algal Research 21, 169-177.

APHA, AWWA and WEF (1995). Standard Methods for the Examination of Water and Wastewater, 19th ed.
American Public Health Association, American Water Works Association, and Water Environment
Federation, Washington, D.C.

Ardelean, A.V., Moisescu, C., Ardelean, L1, (2019). The potential of photosynthetic biomass resulted from synthetic
wastewater treatment as renewable source of valuable compounds. Current Trends in Natural Sciences, 8 (15), p.
42-47.

Ardelean, A. V., Ardelean, I. 1., Sicuia-Boiu, O. A., Cornea, P. (2018). Random mutagenesis in photosynthetic
microorganisms further selected with respect to increased lipid content. Sciendo, 1, 501-507. DOI:
10.2478/alife2018-0079

Ardelean, A. V., Cirnu, M., Ardelean, I. I. (2017). Selection of microalgal strains with low starch content as
potential high lipid - containing isolates. Scientific Bulletin. Series F. Biotechnologies, XXI, 210-215

Ardelean, A.V., Moisescu, C., Morosanu, A.M., Stancu, M.M., Ardelean, 1., Cornea, C.P. (2022). The use of
a selected fast-sedimentation green microalgae for wastewater treatment. Current Trends in Natural
Sciences, 11(22), 127-136. https://doi.org/10.47068/ctns.2022.v11i22.015

Aslan, S, Kapdan, I.K. (2006). Batch kinetics of nitrogen and phosphorus removal from synthetic wastewater
by algae. Ecol Eng 28:64-70.

Bharagava, R. N. (2019). Environmental Contaminants: Ecological Implications and Management. (Ed.)
Microorganisms for Sustainability. doi:10.1007/978-981-13-7904-8

Bhatnagar, A., Bhatnagar, M., Chinnasamy, S., Das, K.C. (2010). Chlorella minutissima—a promising fuel
alga for cultivation in municipal wastewaters. Appl. Biochem. Biotechnol. 161: 523-536.

Brenner, K., You, L., Arnold, F.H. (2008). Engineering microbial consortia: a new frontier in synthetic
biology. Trends Biotechnol., 26(9): 483-9.

204



Chen, L., Li, T., Guan, L., Zhou, Y., Li, P. (2011). Flocculating activities of polysaccharides released from the
marine mat-forming cyanobacteria Microcoleus and Lyngbya. Aquat. Biol. 11: 243-248.

Chinnasamy, S., Bhatnagar, A., Hunt, R.W., Das, K.C. (2010). Microalgae cultivation in a wastewater
dominated by carpet mill effluents for biofuel applications. Bioresour. Technol. 101: 3097—-3105.

Cho, H.U., Kim, Y.M., Park, J.M. (2017). Enhanced microalgal biomass and lipid production from a
consortium of indigenous microalgae and bacteria present in municipal wastewater under gradually
mixotrophic culture conditions. Bioresour. Technol., 228: 290-297.

Cho, S., Luong, T. T., Lee, D., Oh, Y.-K., Lee, T. (2011). Reuse of effluent water from a municipal wastewater
treatment plant in microalgae cultivation for biofuel production. Bioresource Technology, 102(18), 8639—
8645.

Doria, E., Longoni, P., Scibillia, L., lazzi, N., Cella, R., Nielson, E. (2012). Isolation and characterization of a
Scenedesmus acutus strain to be used for bioremediation of urban wastewater. J. Appl. Phycol., 24: 375-
383.

El-Bestawy, E. (2008) Treatment of mixed domestic-industrial wastewater using cyanobacteria. J Ind
Microbiol Biotechnol 35:1503-1516.

Gururani, P., Bhatnagar, P., Kumar, V., Vlaskin, M. S., Grigorenko, A.V. (2022). Algal consortiums: a novel
and integrated approach for wastewater treatment. Water; 14(22):3784.

Hori, K., Si, I, lkeda, G., Ji, O., Tanji, Y., Weeraphasphong, C. (2002). Behavior of filamentous
cyanobacterium Anabaena spp. in water column and its cellular characteristics. Biochem. Eng. J. 10: 217—
25.

Hulatt, C.J. and Thomas, D.N. (2010). Dissolved organic matter (DOM) in microalgal photobioreactors: a
potential loss in solar energy conversion? Bioresour Technol 101:8690-7.

Koul, B., Sharma, K., Shah, M.P. (2022). Phycoremediation: A sustainable alternative in wastewater treatment
(WWT) regime. Environ. Tech. Innovation, 25: 102040.

Kurniawan, S. B., Abdullah, S. R. S., Imron, M. F., Ahmad, A., Mohd Said, N. S., Mohd Rahim, N. F.,
Alnawajha M. M., Hasan H. A., Othman A. R., Purwanti, I. F. (2021). Potential of valuable materials
recovery from aquaculture wastewater: An introduction to resource reclamation. Aquaculture Research,
52(7), 2954-2962.

Mata, T.M., Melo, A.C., Simoes, M., Caetano, N.S. (2012). Parametric study of a brewery effluent treatment
by microalgae Scenedesmus obliquus. Bioresour. Technol., 107:151-158.

Moisescu, C., Ardelean, A.V., Ardelean, I. I. (2018). Selection of photosynthetic microorganisms consortia
able to remove nitrate and phosphorus, to be further used in RAS. WATER AND FISH 8th
INTERNATIONAL CONFERENCE June, 13 - 15 2018 Faculty of Agriculture, Belgrade, Serbia,
Proceedings Conference, 379-384. ISBN 978-86-7834-308-7.

Molina Grima, E., Belarbi, E.H., Acien Fernandez, F.G., Robles Medina, A., Chisti, Y. (2003). Recovery of
microalgal biomass and metabolites: process options and economics. Biotechnol. Adv. 20: 491-515.

Qi, F., Jia, Y., My, R., Ma, G., Guo, Q., Meng, Q., Yu, G., Xie, J. (2021). Convergent community structure of
algal-bacterial consortia and its effects on advanced wastewater treatment and biomass production. Sci.
Rep., 11:21118.

Rawat, I., Kumar, R.R., Mutanda, T., Bux, F. (2011). Dual role of microalgae: phycoremediation of domestic
wastewater and biomass production for sustainable biofuels production. Appl. Energy, 88: 3411-3424.
Renuka, N., Sood, A., Ratha, S.K., Prasanna, R., Ahluwalia, A.S. (2013). Nutrient sequestration, biomass

production by microalgae and phytoremediation of sewage water. Int. J. Phytoremed. 15: 789-800.

Sheldon, S. P. and Wellnitz, T. A. (1998). Do Bacteria Mediate Algal Colonization in Iron-Enriched Streams?
Oikos, 83(1): 85.

Silva-Benavides, A.M. and Torzillo, G. (2012). Nitrogen and phosphorous removal through laboratory batch
cultures of microalgae Chlorella vulgaris and cyanobacterium Planktothrix isothrix grown as monoalgal
and as co-cultures. J. Appl. Phycol. 24: 267-276.

Sood, A., Uniyal, P. K., Prasanna, R., Ahluwalia, A.S. (2011). Phytoremediation potential of aquatic
macrophyte, Azolla. Ambio, 41:122-137.

Subashchandrabose, S., Ramakrishnan, B., Mallavarapu, M., Kadiyala, V., Naidu, R. (2013). Mixotrophic
cyanobacteria and microalgae as distinctive biological agents for organic pollutant degradation. Environ.
Int. 51: 59-72.

Subashchandrabose, S.R., Ramakrishnan, B., Megharaj, M., Venkateswarlu, K., Naidu, R. (2011). Consortia
of cyanobacteria/microalgae and bacteria: biotechnological potential. Biotechnol. Adv., 29(6): 896-907.

205



Sydney, E.B., da Silva, T.E., Tokarski, A., Novak, A.C., de Carvalho, J.C., Woiciecohwski, A.L. (2011).
Screening of microalgae with potential for biodiesel production and nutrient removal from treated
domestic sewage. Appl. Energy, 88: 3291-3294.

Takaya, N., Catalan-Sakairi, M.A.B., Sakaguchi, Y., Kato, I., Zhou, Z., Shoun, H. (2003). Aerobic Denitrifying
Bacteria That Produce Low Levels of Nitrous Oxide. Appl Environ Microbiol. 69, 3152-3157.

Wang, L., Min, M., Li, Y., Chen, P, Chen, Y., Liu, Y., Wang, Y., Ruan, R. (2010). Cultivation of green algae
Chlorella sp. in different wastewaters from municipal wastewater treatment plant. Appl Biochem
Biotechnol., 162: 1174-1186.

Zhang, B., Lens, P.N.L., Shi, W., Zhang, R., Zhang, Z., Guo, Y., Xian, B., Cui, F. (2017). Enhancement of
aerobic granulation and nutrient removal by an algal-bacterial consortium in a lab—scale photobioreactor.
Chem. Eng. J., 334. 10.1016/j.cej.2017.11.151.

Zhang, J.B., Wu, P.X., Hao, B., and Yu, Z.N. (2011). Heterotrophic nitrification and aerobic denitrification by
the bacterium Pseudomonas stutzeri YZN-001. Bioresour. Technol., 102, 9866-9869.

Zhang, X.Z., Amendola, P., Hewson, J.C., Sommerfeld, M., Hu, Q. (2012). Influence of growth phase on
harvesting of Chlorella zofingiensis by dissolved air flotation. Bioresour. Technol. 116, 477-484.

Zhou, W., Min, M., Li, Y., Hu, B., Ma, X., Cheng, Y., Liu, Y., Chen, P., Ruan, R. (2012). A hetero-
photoautotrophic two-stage cultivation process to improve wastewater nutrient removal and enhance algal
lipid accumulation. Bioresour. Technol., 110: 448-455.

206



