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Abstract. With the development of life and industry, the nutrients in sewage increased gradually. The 
emerging symbiotic system of algal and bacteria has remarkable effect in removing nutrients such as nitrogen 
and phosphorus. In this paper, the influence of nitrogen and phosphorus on bacteria-algal consortia and the 
absorption mechanism of nitrogen and phosphorus by the interaction of bacteria-algal consortia were analyzed, 
and a variety of methods for studying bacteria-algal consortia were summarized, mainly using isotope tracer 
technology to study the research results of bacteria and algae absorbing nitrogen and phosphorus in water. 
This method is of great significance for analyzing the mechanism of the treatment of nitrogen and phosphorus 
by the bacterial-algal symbiosis system from the microscopic point of view. 

1 Introduction 
With the development of industrial level and the 
improvement of people's living quality, water pollution is 
becoming increasingly serious. The excess nutrients in 
water, such as nitrogen and phosphorus, can lead to 
eutrophication of water, affecting aquatic ecological 
balance and human health[1]. Therefore, it is of great 
significance to improve water quality and reduce 
treatment costs. At present, the commonly used 
denitrification process is activated sludge process, which 
uses nitrification and denitrification in activated sludge 
bacteria to remove nitrogen under aerobic and anoxic 
reaction conditions respectively. The phosphorus removal 
process relies on the release and absorption of phosphorus 
by phosphorous accumulating microorganisms under 
anaerobic and aerobic conditions respectively[2]. The 
conventional treatment techniques above can remove most 
suspended solids and organic pollutants, but the removal 
effect of nitrogen and phosphorus is not very ideal[3].  

Studies have shown that the microalgal-bacterial 
consortia is an emerging wastewater treatment technology 
with lower cost and better treatment effect[4], because the 
interaction between bacteria and algae can improve the 
removal rate of nitrogen and phosphorus by the symbiosis. 
The growth of bacteria and algae depends on nutrients 
such as nitrogen and phosphorus, and their combination 
can produce synergistic effects, improving the nitrogen 
fixation potential and the ability to assimilate 
phosphorus[5,6]. The interaction between bacteria and 
algae is very complex, including nutrient exchange, signal 
transduction and so on[7]. For example, the signal 
molecule AHL mediated quorum sensing can change the 
related performance of microorganisms and regulate the 
community structure[8], and the signal molecule indole 

acetic acid (IAA) is also positively correlated with the 
removal rate of ammonia nitrogen in wastewater[9]. 

At present, microalgal-bacterial consortia have been 
used in a wide range of fields, including livestock and 
poultry sewage, saline marine sewage and domestic 
sewage, which can serve for the removal of nutrients and 
the commercial production of microbial metabolites. The 
study on the absorption of nitrogen and phosphorus by 
microalgal-bacterial consortia is of great significance for 
guiding the degradation of nutrients and the purification of 
wastewater[10]. There are many techniques for studying 
microalgal-bacterial consortia. Among them, stable 
isotope analysis of 15N is an established technology to 
determine the source of nitrogen and the contribution of 
different sources to microorganisms, as well as to track the 
whereabouts of nitrogen in microorganisms[11]. More and 
more scholars are interested in using this technology to 
study the dynamic behavior of nutrients in organisms and 
water[12]. However, few reviews have focused on the use 
of isotope tracer techniques to study the removal of 
nitrogen and phosphorus by microalgal-bacterial consortia. 
In this paper, the absorption of nitrogen and phosphorus 
by the interaction of microalgal-bacterial consortia and the 
application prospect of isotope tracer technique in 
consortia are introduced. 

2 Removal effects of nitrogen and 
phosphorus on microalgal-bacterial 
consortia 
Nitrogen (N) and phosphorus (P) are converted by various 
valence states and combined states under biological action 
in nature. Bacteria and algae are two types of organisms 
closely related to each other in the water ecosystem. 
Microalgae are photosynthetic autotrophic 

E3S Web of Conferences 293, 01006 (2021) https://doi.org/10.1051/e3sconf/202129301006
GCEECE 2021

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution  
License 4.0 (http://creativecommons.org/licenses/by/4.0/).



microorganisms, which can convert nitrogen, phosphorus 
and other inorganic substances in sewage into organic 
matter through photosynthesis, and at the same time 
release O2 for the growth of bacteria, Figure 1.  Under the 
action of microorganisms, nitrogen in the water is 
converted to ammonia, and in the presence of oxygen, 
ammonia nitrogen in the water is converted to nitrate 
nitrogen by nitrifying bacteria[13]. Aerobic bacteria in 
activated sludge oxidize and decompose organic matter 
and produce nitrate which can be used by microalgae to 
promote their photosynthesis and growth and 
reproduction[14].  

Activated sludge can remove phosphorus by releasing 
phosphorus under anaerobic conditions and absorbing 
phosphorus under oxygen conditions respectively. 
However, phosphorus can be used to synthesize ATP by 
absorption and assimilation of microalgae[15], and 
phosphate can promote the growth of the community 
structure of microalgae and phosphorus accumulating 
bacteria[16].  

The concentration of nitrogen and phosphorus had 
significant effects on the growth and community structure 
of the microalgal-bacterial consortia. Different 
combinations of algae species and strains have 
different nutrient removal efficiency in 
wastewater. For different sewage, the dominant 
communities of microorganisms change, and the 
communities interact with each other to form the 
appropriate microalgal-bacterial consortia[17]. Due to 
the "luxury uptake" of nutrients by microalgae and 
bacteria, the uptake of N and P by microalgal-bacterial 
consortia increased as the initial N and P concentration 
increased, far exceeding the stoichiometric N and P 
required for the corresponding increase in biomass[18]. 
However, the experiment proved that too high N/P ratio 
would slow down the growth rate of algal cell biomass and 
decrease the bacterial density in different degrees in the 
later period of the experiment[19].  

 
Figure 1. Nitrogen and phosphorus in wastewater are removed by microalgal-bacterial consortia. 

 

3 N and P absorption by interaction of 
microalgal-bacterial consortia 
Some scholars believe that there are a lot of interactions 
between microalgae and heterotrophic bacteria mediated 
by nitrogen and phosphorus in the state of poor 
nutrition[20]. For example, nitrogen-fixers provide 
inorganic nitrogen to scenedesmus, Escherichia coli 
provides inorganic phosphate to host microalgae, and 
Pseudomonas maintains phosphorus concentrations 
suitable for Microcystis aeruginosa through phosphorus 
transfer[21]. The treatment effect of algae or activated 
sludge on nutrients and COD in wastewater is far less than 
that of microalgal-bacterial consortia. Choi  found that 
the removal efficiency of total N and total P in the 
bacterial-algal co-culture reactor was 3.4 and 6.5 times 
higher than that in the pure nitrification reactor[22]. In the 

treatment of nutrients in sewage by algae alone, due to the 
photoinhibition, algae autotrophic growth is slow, and the 
loss of activated sludge that provides carbon source, CO2 
only comes from the air, photosynthesis of algae is 
restricted, resulting in low efficiency of algae removal of 
nutrients. Both algae and nitrifying bacteria in activated 
sludge can use ammonia and phosphate in sewage as 
common substrates[22]. In addition, when the ratio of 
microalgae and activated sludge was 5:1, the removal 
efficiency of total N and total P was the highest, which 
were 95.8% and 93.5%[23]. The N and P removal rates of 
the bacterial-algal symbiosis system are summarized in 
Table 1. 

Algae and bacteria not only exist symbiosis, but also 
inhibit and compete. Bacteria can inhibit the growth of 
algae by competing with nitrogen and phosphorus nutrient 
elements, which is one of the effective ways to control 
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fresh water blooms and maintain aquatic ecological 
balance. 

Table1. Summarization of N and P removal rates in wastewater by microalgal-bacterial consortia. 

Bacteria Microalgae Type of wastewater TN TP NH4+-N Reference 

Brevundimona 
bullata 

 
Chlorella 

 
Light polluted 

water 

64％ 95.4％   
[9] 

Pseudomonas 
panipatensis 

68％ 65.7％  

Photosynthetic 
bacteria 

Chlorella 
albumen 

Artificial sewage 95％   [31] 

Activated 
sludge 

Chlorella Wastewater from 
livestock and 

poultry breeding 

 95.1％ 83.2％ [2] 

Associated 
bacteria 

Freshwater 
algae 

 Sanitary sewage   92.3％ 95.6％ [4] 

Activated 
sludge 

Hybrid algae Artificial sewage  83.3％ 94.2％ [24] 

4 Advances in techniques for the study 
of microalgal-bacterial consortia 
With the increasing research on microalgal-bacterial 
consortia, the selection of appropriate techniques and 
specific tools plays an important role in the research. The 
selection of different research methods is helpful to the 
stable establishment of the bacteria-algal co-culture 
system, so that it can better serve the sewage treatment and 
the protection of aquatic ecological balance. In the 
macroscopic analysis, the research is mostly through 
physical and chemical detection methods. By measuring 
the contents of nitrogen and phosphorus before and after 
treatment, the removal efficiency of microalgal-bacterial 
consortia on nitrogen and phosphorus in wastewater was 
analyzed.  

In the microscopic aspect, the research methods 
include microscopy, flow cytometry, cell sorting, omics 
and secondary ion mass spectrometry. 

4.1 Microscopy  

Microscopic observation of consortia can be used to 
obtain details of their cell morphology and composition. 
Microbial composition of mixed samples of bacterial-
algal systems and water samples can be observed by 
microscope, and the increase of the number of dominant 
algae species and bacteria can be observed, and it can also 
be proved that nitrogen and phosphorus in sewage have 
been removed[24].  

4.2 Flow cytometry and cell sorting 

Flow cytometry and cell sorting are also microscopic 
techniques that have been used to measure specific 
cellular components of microalgae and bacteria in 
bacterial-algal systems. For example, analysis of 
polyphosphate-accumulating bacteria can be done by 

staining polyphosphate particles with fluorescent dyes 
DAPI and tetracycline hydrochloride by flow 
cytometry[5].  

4.3 Omics 

Metagenomics methods have also been applied to study 
the community structure of bacteria and algae, and to 
study the changes of dominant communities by 
sequencing genes, so as to improve the efficiency of 
consortia in wastewater treatment. A series of methods 
including genomics, transcriptomics, proteomics and 
metabolomics have been applied to the study of bacteria-
algal symbiosis[5].  

4.4 Secondary ion mass spectrometry 

Secondary ion mass spectrometry (SIMS), such as isotope 
ratio mass spectrometry (IRMS), can be used to study the 
function and metabolism of individual microorganisms in 
a microbial community at the cellular level. 
Nanomaterials combined with fluorescence in situ 
hybridization were used to study and image the metabolic 
activity and absorption rate of microbial cells in a complex 
microbial population[25]. The multi-isotope imaging 
mass spectrometry (MIMS) showed the binding level of 
15N in bacteria. This method can be used to study bacteria 
in the natural environment and explore the activity of 
nitrogen nutrient symbionts in algae and bacterial cell 
tissue. It will be a powerful tool for studying the effect of 
nitrogen fixation in the future[26].  

Isotope tracer technology is to use the mass 
spectrometer or element analyzer, radioactive isotope as a 
tracer, used to study the distribution, migration, 
enrichment rules of a substance[25]. The combination of 
isotope labelling experiments with other methods such as 
nanotechnology will open up new directions for the 
analysis of microbial communities and their metabolic 
functions[27].  
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DE - Bashan to the isotope labeling algal-bacterial 
system experiment, will mark the party and on the other 
side of the untagged culture together, and then use the 
secondary ion mass spectrometry analysis of each element 
transfer between microbial cells and bacterial cell 
adhesion over the surface of the algal cells and release 
metabolite, proved that the nitrogen molecules by 
switching between two kinds of microbes, and a symbiotic 
interaction that promotes the growth of the microalgal-
bacterial consortia[28]. Stable isotope analysis of nitrogen 
(14N15N) can determine the source of nitrogen in 
complex environments and analyze the contribution ratio 
of different sources[11]. For example, Cao used stable 
isotopes to track the source and contribution ratio of 
organic matter in sediments and analyze the causes of 
eutrophication of water bodies, which has indicative 
significance for the protection of ecological 
environment[29]. Han et al. added stable 15N isotopes to 
the experiment, which showed that microalgae would 
preferently absorb and assimilate reduced ammonia 
nitrogen in water, followed by oxidized nitrate nitrogen, 
and different algae species had different rates of nitrogen 
absorption[30]. Wang et al. used stable isotopes to 
investigate the absorption rates of ammonia nitrogen, 
nitrate nitrogen and urea nitrogen by bacteria-algal 
combination under different temperature, light and salinity 
conditions[31]. Based on the stable isotope fractionation 
effect, Meng et al. established a model for the value of 
δ15N in activated sludge and the denitrification efficiency 
of the whole system, which improved the efficiency of 
sewage treatment and was of great significance for the 
denitrification process of water plants[32].  

Different forms of phosphorus can be tracked by 
isotope labeling, but only 31P is stable isotope, and the P-
O bond is relatively stable chemical bond[33], so the use 
of phosphate oxygen isotope can be used to study the 
direction of phosphorus in aquatic ecosystems[12]. 
Elsbury et al. used phosphate oxygen isotope tracer 
techniques to distinguish between different sources of 
phosphate and their relative contributions[34]. Based on 
the phosphate oxygen isotope tracer technique, 
McLaughlin et al. used δ18Op as a tracer to study the 
phosphorus cycling in the water body of San Francisco 
Bay[35].  

5 Conclusion 
The ability of microalgae to remove nutrients such as 
nitrogen and phosphorus in wastewater was combined 
with the ability of bacteria to degrade pollutants，and 
construct microalgal-bacterial consortia to achieve water 
purification and aquatic ecosystem balance is considered 
to be a very promising treatment technology, which is 
cheaper than traditional wastewater treatment technology, 
and has been widely studied. The interaction between 
algae and bacteria and their metabolic functions can be 
further studied by means of microscopy and omics. The 
use of advanced analytical tools also provides more 
comprehensive and detailed information for the 
construction of microalgal-bacterial consortia  that can 
efficiently remove nitrogen and phosphorus. The 

application of isotope tracer technique to study the 
specific trends of nitrogen and phosphorus in microalgal-
bacterial consortia can further explore the interaction and 
removal mechanism between the two elements from the 
microscopic molecular dimension, which is more 
meaningful than the study of removal rate alone. This 
method is helpful to improve the efficiency of wastewater 
treatment and to construct suitable microalgal-bacterial 
consortia for wastewater with different N and P 
concentrations. However, more research is needed. 
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