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Table S1 Wastewater compositions for batch tests of activated sludge, anammox

biofilm and BSgel system

Batch test

Wastewater compositions

Activated sludge

50 mg/L NH4CI-N, 0-100 mg/L sucrose, 27 g/L KH,PO4,, 500
mg/L  NaHCO;, 180 mg/L CaCl,-2H,0, 300 mg/L

Anammox biofilm

50 mg-L'' NH4CI-N, 50 mg-L! NaNO,-N, 27 mg-L'!
KH,PO,, 500 mg-L-! NaHCO3;, 180 mg-L-! CaCl,-2H,0, and
300 mg-L! MgSO,4-7H,0.

The Trace elements were added (1 mL-L") into the synthetic
wastewater. The trace element solution contained 625 mg-L-!
EDTA, 190 mg-L!' NiCl,-6H,0, 430 mg-L! ZnSO4 7H,0,
220 mg-L!' NaMoO,42H,0, 240 mg-L-! CoCl, 6H,0, 990
mg-L! MnCl,-4H,0, and 250 mg-L! CuSOy4-5H,0.

BSgel system

50 mg-L-! NH4CI-N, 100 mg/L sucrose, 27 mg-L-! KH,PO,,
500 mg-L-' NaHCO;, 180 mg-L-!' CaCl,-2H,0, and 300
mg- L' MgSO, 7H,0.Trace elements were added (1 mL-L1)
into the synthetic wastewater.

The trace element solution contained 625 mg-L-' EDTA, 190
mg-L! NiCl,-6H,0, 430 mg-L! ZnSO4 7H,0, 220 mg-L!
NaMoO,;2H,0, 240 mg' L' CoCl,-6H,0, 990 mg-L!
MnCl,-4H,0, and 250 mg-L-! CuSO,4-5H,0.

Table S2. Definition of components in the model

Number Component Definition Unit
Model dissolved components
1 So Dissolved oxygen g O, m3
2 Ss Readily degradable organic substrate g COD m™
3 Sy Ammonium nitrogen gNm3
4 Snoz Nitrite nitrogen gNm3
5 Sno3 Nitrate nitrogen gNm?3
Model particulate components
6 X408 Aerobic ammonium-oxidizing bacteria g COD m?
7 Xinx Anaerobic ammonium-oxidizing bacteria g COD m?
8 Xvog Nitrite-oxidizing bacteria g COD m™
9 Xu Heterotrophic bacteria g COD m?




10 X;

Inert, non-biodegradable organics

g COD m™

Table S3. Process kinetic rate equations for the model

Process Kinetics rates expressions
1. Growth of AOB S02 SNH4
Ha08 Z0p AOB A0B
K02 +S02Knta t Shna
2. Decay of AOB b 408X 408
3. Growth of NOB S02 Snoz
Hnos” NoB NOB NOB
K 02" *+502Kn02 T Snoz
4. Decay of NOB byosX nos
AMX
5. Growth of Anammox K05 Snua Snoz
Hamx Zux AMX AMX AMX
K 03 +S02Knka + SnuaKno2 + Snoz
6. Decay of Anammox b X iux
7. Aerobic growth of Xy Soa Sy
Hu Xy
KOH1+S02 KS1+SS
8. dAn:)_ch growth of Xy with nitrite un K ois S o3 S
reduction wllm H
Ko + S0 K/\I;’(l)ga +85 Ky + S
9. Anoxic growth of Xy with nitrate Kous Svon S
ducti Myl H
feduction KOH3 +S02 K]\I_;gz +SN02 KS3 +SS
10. Decay of Xy b, X,
Table S4. Kinetic and stoichiometric parameters of the model
Parameter Definition Values Unit Source
Aerobic ammonium oxidizing bacteria (AOB)
Y08 yield coefficient for AOB 0.15 gCOD g'N | Wiesmann, 1994
0B maximum growth rate of AOB 0.0854 h! Wiesmann, 1994
bson decay rate coefficient of AOB 0.0054 h-! Wiesmann, 1994
K“98 Sos affinity constant for AOB 0.6 g DO m?3 Wiesmann, 1994
K495 | Snmy affinity constant for AOB 2.4 gNm?3 Wiesmann, 1994
Nitrite oxidizing bacteria (NOB)
Ynos yield coefficient for NOB 0.041 gCOD g!'N | Wiesmann, 1994
UnoB maximum growth rate of NOB 0.0604 h! Wiesmann, 1994
byos decay rate coefficient of NOB 0.0025 h-! Wiesmann, 1994




K NOOZB So; affinity constant for NOB 2.2 ¢ DO m™ Wiesmann, 1994
K %gg Syoz affinity constant for NOB 5.5 gNm?3 Wiesmann, 1994
Anaerobic ammonium oxidizing bacteria (Anammox)
Yinx yield coefficient for Anammox 0.159 gCODg'N Strous et al.,
1998
Harx maximum growth rate of Anammox | 0.0030 h-! Koch et al. 2000
bunix decay rate coefficient of Anammox 0.00013 h-! Hao et al., 2002
KA | So inhibiting coefficient for 0.01 g DO m?3 Strous et al.,
Anammox 1998
K ‘14;/1‘1{115}( Snu4 affinity constant for Anammox 0.07 gNm3 Strous et al.,
1998
K ‘;%)2( Snoz affinity constant for Anammox 0.05 gNm3 Hao et al., 2002
Heterotrophic bacteria (HB)
_ . g COD g! Henze et al.,
Yy yield coefficient for Xy 0.6
COD 2000
e, maximum growth rate of Xy 0.26 h! Koch et al., 2000
by decay rate coefficient of Xy 0.008 h-! Wiesmann, 1994
anoxic growth factor for nitrate Hiatt et al., 2008
NHI . 0.28 —
reduction
anoxic growth factor for nitrite Hiatt et al., 2008
NH2 . 0.16 —
reduction
So; affinity constant for aerobic Hiatt et al., 2008
Kom 0.1 g DO m3
growth
So> inhibit constant for nitrate Hiatt et al., 2008
Kous ) 0.1 g DO m?
reduction
So> inhibit constant for nitrite Hiatt et al., 2008
Kous ) 0.1 g DO m?
reduction
Ss affinity constant for aerobic Hiatt et al., 2008
Ky, 20 g COD m?
growth
Ss affinity constant for nitrate Hiatt et al., 2008
Ky, . 20 g COD m?
reduction
Ss affinity constant for nitrite Hiatt et al., 2008
K, . 20 g COD m?
reduction
K. | Syos affinity constant for HB 0.2 gNm? Hiatt et al., 2008
Other stoichiometric parameters
iNBM Nitrogen content of biomass 0.07 gN g'! COD Henze et al.,




2000

INxT Nitrogen content of X, 0.02 gN g! COD Henze et al.,
2000

) Nitrogen content of Xg 0.04 gN g! COD Henze et al.,
s 2000

fr Fraction of X; in biomass decay 0.10 g COD g'! Henze et al.,
COD 2000




Table S5. Stoichiometric matrix for the model

Variable Soz Ss S~H4 Snoz Snos Sn2 Xs X XaoB X~os Xamx Xy
Process 0O, COD N N N N COD COD COD COD COD CcCOD

1 _3'43_YAOB _iNBM _L 1 1

YAOB YAOB YADB
2 iNBM _iNXIfI 1- f[ -1 f[
1.14—Y,,, . 1 1
_ ot “NoB — - 1

3 Y, NOB NBM Y, NOB Y, NOB

4 iNBM - iNXIf] 1- f[ -1 f1

; I E T 2 |

M Y e 1.14 Yo
6 iNBM _iNXIfI 1- f[ -1 fl
1-7, 1 .
7 Y, " B _H “Igm 1
1 . 1-7, 1-7,
8 Ty “Igm - % - 1
Y, 1.71Y, 1.71Y,
9 L ; B 1-Y, 1-Y, 1
Y, NBM 2.86Y, | 2.86Y,
10 iNBM _iNXI.fI 1- f] -1 fl




Table S6. Bacterial community diversity index of three samples

SS Biofilm BSgel
Sequences 71928 65824 72038
OTUs 492 566 542
Coverage 0.999 0.999 0.999
Chaol 531.48 616.32 605.42
ACE 532.23 613.73 604.78
Shannon 5.08 5.72 5.59

Simpson 0.916 0.954 0.950




2% PVA 5% PVA 7% PVA

Figure S1 Images of BSgel system prepared by 2%, 5% and 7% PVA concentrations
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