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Figure 2. Evolution of particle size distribution (PSD) in reactors over five months of operation. (A) the 
number-based PSD. (C) the biovolume-based PSD.  
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Figure 3. Development of the oxygenic photogranule biomass in reactors over 150 days of operation. 
Eight petri dish images of the mixed biomass are shown over the batch (the first four days as batch before 
SBR) and SBR operation periods (day 1-150). (A) day 4 in the batch, (B) day 22, (C) day 50, (D) day 65, 
(E) day 81, (F) day 96, (G) day 125, and (H) day 150. Scale bar for the eight panels is 1 cm. 
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Figure 4. Removal of total COD in reactors over five months of operation along with the changes in the 
organic loading rate. The organic loading rate (OLR) in reactors varied due to changes in the strength of 
influent wastewater and HRT of the OPG system. The influent was primary effluent wastewater collected 
from a local WWTP. 
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Figure 5. Nutrients removal in OPG systems over five months of operation. Removal of (A) total 
dissolved nitrogen (TDN), (B) ammonia, and (C) phosphate. 
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Figure 6. The specific oxygen production rate (SOPR) of mixed OPG biomass determined for closed and 
open batch systems. (A) Closed system. The three controls for this closed system were run with deionized 
water (Control 1), tap water (Control 2) and synthetic growth media devoid of organic matter and ammonia 
(Control 3). (B) Open system. The SOPR of OPG biomass was determined for the first 1 h, 1-3 h period, 
and 3-6 period. Error bars represent the standard deviations of triplicate experiments. 
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Detailed Materials and Methods for: 

Seed photogranules. The seed photogranules were generated by hydrostatic incubation of 

activated sludge under a continuous source of light.20,21 Activated sludge was collected from the 

aeration basin of Hadley WWTP (Hadley, MA) and 10 mL  aliquots were inoculated in 20 mL 

glass vials. The vials were closed with plastic caps and incubated without any mixing or agitation 

at constant temperature (20 °C) with exposition to continuous light emitted from fluorescent bulbs. 

The light conditions provided a photosynthetically active radiation (PAR) of about 150 µmol/m2-

s on the top of vials. Spherical photogranules of 5-15 mm in diameter were observed in the vials 

after 25-35 days of hydrostatic incubation. 

 

Imaging and particle size distribution (PSD) analysis. Images of mixed OPG biomass in Petri 

dishes (5 cm in diameter) were regularly collected. We used the software ImageJ17 to determine 

the particle size distribution of the OPG biomass. Initially, the threshold range of biomass images 

was set and then biomass images were binarized. Shapes of particles were identified and their 

dimensions were automatically determined with a reference scale set to the Petri dish diameter. 

The total count of the biomass particles in the Petri dishes was also automatically quantified and 

used to calculate the total biomass particles in the reactor. Histograms of size-based and volume-

based particle distributions were created using the Frequency Function in MS Excel 2013. 
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Figure S1. Changes in the total number of bioaggregates in reactors over five months of operation. 
Error bars represent the standard deviations of triplicate experiments. 
  



4 
 

 
 
Figure S2. Dry biomass concentrations of mixed OPGs in two SBR systems.  

 
 

 
 

 
 

 
 

 



5 
 

 
 
Figure S3. Changes in sludge volume index (SVI) and zone settling velocity (ZSV) of mixed 
OPG biomass in reactors. Error bars represent the standard deviations of triplicate experiments. 
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Figure S4. Profile of dissolved inorganic nitrogen (DIN) species in the effluents of SBR systems. 
(A) Reactor 1 DIN profile. (B) Reactor 2 DIN profile. 
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Figure S5. Linear-regression analysis on the biomass produced per total COD consumed in the 
OPG systems during the entire reactor operation period (150 d). (A) Reactor 1. (B) Reactor 2. The 
slope of each regression line indicates the observed biomass yield (mg VSS/mg tCOD). The 
stoichiometric ratio of COD/VSS of mixed OPG biomass was experimentally found to be1.8±0.09.  


