
iv) Results 

Results 2017: Identification of physical, morphological and functional 

particularities of mixed microalgae – activated sludge granules 

Objectives: Gaining new knowledge on the basics of the phenomenon and observable 

facts that govern the mixed microalgae – activated sludge granules formation and the 

functionality of the induced symbiotic system. 

Activity 1.1. Microorganisms identification and characterization. Identification and 

characterisation of the microorganisms forming the community of mixed microalgae – 

bacteria granules, with a special focus on biotechnological useful species (microalgae 

with high capacity of lipid accumulation or high capacity of bio-hydrogen generation and 

nitrification, nitrifiers, denitrifiers and phosphorus accumulating bacteria) using modern 

molecular biology techniques such as PCR, RT-PCR, qPCR, DNA electrophoresis, as 

well as enzymatic techniques. 

 

The microalgae-bacteria granular system is an alternative system (Fig.1) with applications 

in the field of waste water treatment. The activated sludge granules are characterized by 

a high sedimentation rate (at maturity reaching 18-31 m / h), and their use ensures almost 

a complete removal of microalgal biomass from the reaction medium by gravitational 

sedimentation (microalgal cell recovery being over 99%). 
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Fig. 1. Microalgae-bacteria granular system a) and its microscopic structure of the 

activated sludge 

 

Analysis of the bacterial population profile by metagenomic studies (Fig. 2) and gene 

expression (qPCR) revealed a compact and stable bacterial population community based 

on bacteria involved in nitrification, denitrification, phosphorus accumulation as well as on 

microalgae genes involved in lipid accumulation and high potential hydrogen generation. 

Bacterii 

Microalge 
100x 



 
Fig. 2. The structure of the PCR-amplified 16sADN regions (www.microsynth.ch) 
 

Activity 1.2. Granules characterization – interstructural relationships: Granules will be 

analyzed from the morphological – structural and functional points of view. Through 

advanced electronic and correlative microscopy detailed information related to the 

relationship between granules structure / ultrastructure, three dimensional organization 

of microorganisms within the granular structure and functions of their components at 

various resolution levels and in specific induced functional contexts will be collected. Test 

will be conducted during granules cultivation and at various time periods in order to 

evaluate the influence of essential parameters variation such as: settling velocity, size 

distribution, shape, growth rate and compaction degree. This will allow the correlation of 

operational parameters with the physical, morphological and functional particularities of 

the granules. The activity is focused mainly on the study of symbiotic relationship between 

microalgae and bacteria and how the granules morphology influences the efficient 

nutrients/metabolites transfer between microalgae and bacteria species. 

 

The 3D Maps of Microalgae-Bacterial activated granular sludge were obtained by 

Correlative and Electronic Microscopy Techniques 

The obtained granules were analyzed morphologically - structural and functional by 

advanced techniques of electronic and correlative microscopy. The approach of 

microalgae-bacterial granule analysis by two complementary microscopic techniques 

allowed analysis of some characteristics (sedimentation velocity, size distribution, shape, 

growth rate and compaction degree) and their correlation with the operational parameters 

of the bioreactor used. Microscopic stereo analysis (Leica M205 FA) allowed to obtain 

whole grain images (Fig. 3) 

 

 

 

 

 

 



 
 
 
 
 
 
 
 
 
 
Fig. 3. Microalgae-Bacterial activated granular sludge.a) Bright Field Images of 
Magnification 0.78, b) Magnification 1.6 
 

Detailed analysis of an activated sludge granule has generally revealed a relatively 
homogeneous compaction degree (Fig. 4) where the microalgae have a lipid 
accumulation. 

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4. Activated sludge granule.a) bright field picture (zoom. 7.58X), b) Fluorescence 

picture (zoom 6.82), Contrast Ratio image (zoom 4.27) 

 

Activity 1.4. Results exploitation and dissemination 

See Dissemination section 
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Results 2018:  Critical evaluation of operational/limiting factors affecting the 

balance of microorganisms in activated algae granules 

Objectives: Critical investigation of the previously identified phenomena in order to 

acquire new knowledge for developing an innovative wastewater treatment biotechnology 

based on the induced symbiotic system (microalgae-bacteria) for increasing efficiency 

and decreasing operating costs (compared to the conventional activated sludge  

system).  Proposed activities and their implementation ensure, by appropriate research 

and experimental development activities, the necessary scientific foundation to further 

develop the granular activated algae technology 

 

Activity 2.1.  Evaluation of population’s diversity and dynamics in the activated algae 

granules in different conditions. 

Lab tests are envisioned to evaluate operational parameters’ influence on the 

equilibrium between microalgae and bacterial species within the granules. This will 

allow determining the optimum operational parameters and limiting factors of the 

process. Several key parameters will be varied while monitoring the population’s 

diversity and dynamics in the activated algae granules, including:  Hydraulic Residence 

Times (HRT), biomass concentrations, pH, light intensity, light-dark sequence, 

additional CO2 input, mixing parameters: power/volume, stirrer type. Moreover, different 

types of inflows will be considered and tested to establish the versatility and suitability of 

the technology 

 

The aim was to determine the efficiency of using the granular system in sewage treatment 

processes in sequential operation. The granules were tested in low-loaded wastewater 

and obtained by diluting a wastewater source from the dairy industry. In the diluted 

effluent, NH4 +, Mg2 +, PO43- and Ca2 + salts were dosed resulting in an influence with 

the following characteristics: NH4 + (20.7-35 mg / L), NO3- (<0.1 mg / L) - (<0.1 mg / L), 

PO43- (20-41 mg / L), Mg2 + (23.8 ± 3.2 mg / L) and Ca2 + (25.5 ± 4.3 mg / L). 

The laboratory installation (Fig. 5) consists of: Biostat®Aplus bioreactor (Sartorius, 

Germany) (B) with foaming sensor (S), supply pump (P1), effluent exhaust pump to the 

foaming sensor, decanter (95 x 20 mm) (D), influent (Vi) and effluent (Ve) and an external 

light source (L) having a luminous flux of 3980 lm, light intensity at the exterior wall of the 

bioreactor being 215 μmol / m2 / s. The useful volume of the bioreactor was 1 L, 0.5 liter 

feed volume, reaction time - 24 h and biomass settling time - 3 min. The photoperiodicity 

was set for 15 hours of light: 9 hours of darkness for a period of 24 hours of treatment. 

The rate of homogeneity of the reaction medium varied between 160 rpm of 200 rpm. The 

purification process was carried out in the absence of mechanical aeration, the oxygen 

being supplied exclusively by the photosynthesis process carried out by photoautotrophic 

microalgae in the light phase. 



 

 

Fig. 5. Laboratory installation for biological waste water treatment in sequential 

operational mode using microalgae-bacteria granules. 

 

Activity 2.2. Determination of kinetic parameters of the biological processes.  

Given the approach based on biological components of wastewater treatment process - 

mixed microalgae-bacteria granules, model components will be Microalgae (M), 

Autotrophic bacteria (A) and heterotrophic bacteria (H) as representatives of the biological 

component and three series of biochemical processes attached to them. In order to 

achieve the balance of each component and to obtain the corresponding differential 

equations, a series of functions and specific parameters will be defined and 

experimentally determined, especially those concerning exchange rates functions and 

process rates  

(on going research) 

 

Activity 2.3. Results exploitation and dissemination 

The research team will work on disseminating the project results through conferences, 

journals and events. The project team members will prepare and submit articles to ISI 

indexed journals and will attend international scientific conferences in order to 

disseminate the project results to academic audiences. Newsletters containing the project 

activities evolution and significant achievements will be published on INCD ECOIND’s 

website.  A dissemination report (D.7.) will be prepared (see dissemination section). 

 

Activity 3.3. Microorganisms networking - evaluation of intertrophic relationships: Mixed 

microalgae – bacteria granules are dense microbial consortiums (containing millions of 

microorganisms per gram of biomass) of various species (microalgae, bacteria, protozoa, 

metazoa, etc.) with various roles within the pollutants biodegradation processes. The 

phenomena that represents the base of activated algae granules biological processes will 

be investigated during this activity: nutrients exchange, metabolic dependencies, 
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secretion of extracellular polymeric substances. Their biochemical particularities will be 

corroborated with morphological and structural particularities identified within activity 1.2. 

for evaluation of the physical / chemical / biochemical mechanisms that represent the 

base of granulation process. Knowing the cell-cell interactions (between the various 

microorganism species that are a part of the microalgae – bacteria granules) is the 

stepping stone for understanding intercellular relationship and implicitly a tool of 

enhancing the metabolic relations between them. 

(on going) 

 


