
Simultaneous nitrogen and phosphorus removal from domestic wastewater in an aerobic 
granulation system operated at different anaerobic-aerobic duration

Calculations for nitrogen assimilated

The percentage of nitrogen assimilated by the biomass was calculated based on the following 

equation as described by Wan et al. (2009):

Nassimilation (gN d-1) = ƒN (ΔXV + VSSoutQout)   (1)

ⴄassimilation (%) = (Nassimilation / NH4
+-Nin) x 100 (2)

where: 

ƒN = nitrogen fraction of the sludge (mgN.mg-1VSS)

*The value was assumed to be equal to 0.1 mgN.mg-1VSS as 

suggested by Lee et al. (2007) and Wan et al. (2009)

ΔXV = slope between two measurements of sludge concentration inside  

                                    the SBR over time (gvss d-1)

VSSout = solid concentration present in the effluent (gvss L-1)

Qout  = flow rate of effluent (L d-1)

ⴄassimilation  = assimilation efficiency (%)

NH4
+-Nin  = concentration of NH4

+-N in influent 
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Table S1: Raw data for nitrogen assimilation calculations for (a) M1; (b) M2 and (c) M3

(a)

Day ΔXV VSSout Qout Nassimilation NH4
+-Nin ⴄassimilation

349 2.16 0.023 16.4 0.25 26.1 0.96

350 2.02 0.034 16.4 0.26 19.7 1.32

351 2.88 0.025 16.4 0.33 20.3 1.63

355 1.77 0.032 16.4 0.23 16 1.44

356 1.75 0.020 16.4 0.21 10 2.10

  

(b)

Day ΔXV VSSout Qout Nassimilation NH4
+-Nin ⴄassimilation

393 2.98 0.045 16.4 0.37 20.8 1.78
394 3.04 0.039 16.4 0.37 20.8 1.78
398 3.11 0.048 16.4 0.39 23.5 1.66
399 2.99 0.050 16.4 0.38 19.8 1.92
400 3.25 0.046 16.4 0.40 20.5 1.95

(c)

Day ΔXV VSSout Qout Nassimilation NH4
+-Nin ⴄassimilation

349 2.33 0.032 16.4 0.29 25.3 1.15

350 2.56 0.037 16.4 0.32 23.3 1.37

351 2.79 0.035 16.4 0.34 29.8 1.14

355 2.44 0.040 16.4 0.31 23.5 1.32

356 2.49 0.037 16.4 0.31 22.8 1.36



Figure S1: Profile of COD/N in the influent feed during M1, M2 and M3



Table S2: Raw data for SND calculations for (a) M1; (b) M2 and (c) M3

(a)

Day

NH4
+-N

start-

aerobic
*

NH4
+-N

end-

nitrification
*

NO2
--N

influent
*

NO2
--N

end-

nitrification
*

NO3
--N

influent
*

NO3
--N

end-

nitrification
*

NH4
+-N

removed
*

NOx
--N

accumulated
*

NOx
--N

denitrified
*

SND 
(%)

349 24.8 6.2 3 9 3 6.2 18.6 9.2 9.4 50.5

350 17.8 6.7 2 6 0 0.4 11.1 4.4 6.7 60.4

351 16 6.8 5 9 4 4 9.2 4.0 5.2 56.5

355 15.3 4.3 3 7 3 4.8 11.0 5.8 5.2 47.3

356 8.5 2.9 3 1 2 6.6 5.6 2.6 3.0 53.6

 

(b)

Day

NH4
+-N

start-

aerobic
*

NH4
+-N

end-

nitrification
*

NO2
--N

influent
*

NO2
--N

end-

nitrification
*

NO3
--N

influent
*

NO3
--N

end-

nitrification
*

NH4
+-N

removed
*

NOx
--N

accumulated
*

NOx
--N

denitrified
*

SND 
(%)

393 21.3 17.5 3 8 3 0.8 3.8 2.8 1.0 26.3

394 21.8 16.3 4 10 2 0.1 5.5 4.1 1.4 25.5

398 24.4 19.3 0 3 0 0.8 5.1 3.8 1.3 25.5

399 21.5 15.8 2 6 0 0.2 5.7 4.2 1.5 26.3

400 23.2 16.5 4 11 3 0.9 6.7 4.9 1.8 26.9

(c)

Day

NH4
+-N

start-

aerobic
*

NH4
+-N

end-

nitrification
*

NO2
--N

influent
*

NO2
--N

end-

nitrification
*

NO3
--N

influent
*

NO3
--N

end-

nitrification
*

NH4
+-N

removed
*

NOx
--N

accumulated
*

NOx
--N

denitrified
*

SND 
(%)

450 24.1 8.8 2 7 1 5.7 15.3 9.7 5.6 36.6

452 22.4 7.8 4 12 3 5.0 14.6 10.0 4.6 31.5

454 28.2 8.0 5 14 6 13.9 20.2 16.9 3.3 16.3

456 21.9 6.3 3 9 3 7.7 15.6 10.7 4.9 31.4

458 19.7 4.3 4 11 4 5.9 15.4 8.9 6.5 42.2

* Unit mg/L 



Calculations for free nitrous acid (FNA) production

The FNA concentration was calculated using the equation as described by Anthonisen et al. 

(1976). 

FNA concentration (µg/L) = [NO2
--N concentration / 10pH x exp (-2300 / (273 + T))] x 1000

where: 

NO2
--N concentration = Nitrite nitrogen concentration in the SBR at the end of 

                                       aerobic(mg/L)

pH = pH of the bulk solution in SBR

*The value was assumed to be equalled to 7.6 for M1, 6.2 for M2 

and 7.3 for M3, based on the average value as presented in Table 1

T = Temperature (°C)

*The value was assumed to be equalled to 25 as the experiment 

was conducted at room temperature

Table S3: Raw data for FNA concentration calculations for (a) M1; (b) M2 and (c) M3

   (a)

Day NO2
--N (mg/L) FNA concentration 

(µg/L)
349 9 0.51

350 6 0.34

351 9 0.51

355 7 0.40

356 1 0.05



   (b)

Day NO2
--N (mg/L) FNA concentration 

(µg/L)
393 8 11.35

394 10 14.19

398 3 4.28

399 6 8.51

400 11 15.61

   (c)

Day NO2
--N (mg/L) FNA concentration 

(µg/L)
450 7 0.79

452 12 1.35

454 14 1.58

456 9 1.01

458 11 1.24



Figure S2: Size distribution formed during M1 (Day 355) and M2 (Day 359 and Day 393)



Figure S3: Cycle profile for SCOD and NO3
--N concentration during M3 on Day 454



(a)

(b)



Figure S4: Cycle profile for TCOD, nitrogen and TP concentration during (a) M1 (Day 353), (b) 
M2 (Day 396) and (c) M3 (Day 455)

(c)
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