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Figure S1. Experiment 1: (top) Nitrate; (middle) Nitrite; (bottom) COD.  R01- control with no nitrate, R02- control 

with no EVO, R03, R04, R05- replicates of reactor with nitrate and EVO. 
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Table S1. Process rate equations used in the model. 

 
  

# Process Process rate equation 

1 Hydrolysis 𝓀𝓀𝐻𝐻
𝑋𝑋𝑆𝑆 𝑋𝑋𝐻𝐻⁄

𝐾𝐾𝑋𝑋 + 𝑋𝑋𝑆𝑆 𝑋𝑋𝐻𝐻⁄ 𝑋𝑋𝐻𝐻  

2 Aerobic Storage of SS 𝓀𝓀𝑠𝑠𝑠𝑠𝑠𝑠
𝑆𝑆𝑂𝑂

𝐾𝐾𝐻𝐻,𝑂𝑂2 + 𝑆𝑆𝑂𝑂
 

𝑆𝑆𝑆𝑆
𝐾𝐾𝐻𝐻,𝑆𝑆𝑆𝑆 + 𝑆𝑆𝑆𝑆

𝑋𝑋𝐻𝐻  

3 
Anoxic Storage of SS NO3–

NO2 
𝓀𝓀𝑠𝑠𝑠𝑠𝑠𝑠𝜂𝜂𝐻𝐻,𝑁𝑁𝑂𝑂3

𝐾𝐾𝐻𝐻,𝑂𝑂2𝑖𝑖𝑖𝑖ℎ

𝐾𝐾𝐻𝐻,𝑂𝑂2𝑖𝑖𝑖𝑖ℎ + 𝑆𝑆𝑂𝑂
 

𝑆𝑆𝑆𝑆
𝐾𝐾𝐻𝐻,𝑆𝑆𝑆𝑆 + 𝑆𝑆𝑆𝑆

𝑆𝑆𝑁𝑁𝑂𝑂3
𝐾𝐾𝐻𝐻,𝑁𝑁𝑂𝑂3 + 𝑆𝑆𝑁𝑁𝑂𝑂3

𝑋𝑋𝐻𝐻 

4 Anoxic Storage of SS NO2–N2 𝓀𝓀𝑠𝑠𝑠𝑠𝑠𝑠𝜂𝜂𝐻𝐻,𝑁𝑁𝑂𝑂2
𝐾𝐾𝐻𝐻,𝑂𝑂2𝑖𝑖𝑖𝑖ℎ

𝐾𝐾𝐻𝐻,𝑂𝑂2𝑖𝑖𝑖𝑖ℎ + 𝑆𝑆𝑂𝑂
 

𝑆𝑆𝑆𝑆
𝐾𝐾𝐻𝐻,𝑆𝑆𝑆𝑆 + 𝑆𝑆𝑆𝑆

𝑆𝑆𝑁𝑁𝑂𝑂2
𝐾𝐾𝐻𝐻,𝑁𝑁𝑂𝑂2 + 𝑆𝑆𝑁𝑁𝑂𝑂3

𝑋𝑋𝐻𝐻 

5 Aerobic Growth of XH 𝜇𝜇𝐻𝐻
𝑆𝑆𝑂𝑂

𝐾𝐾𝐻𝐻,𝑂𝑂2 + 𝑆𝑆𝑂𝑂
 

𝑆𝑆𝑁𝑁𝑁𝑁
𝐾𝐾𝐻𝐻,𝑁𝑁𝐻𝐻4 + 𝑆𝑆𝑁𝑁𝑁𝑁

 
𝑆𝑆𝐴𝐴𝐴𝐴𝐴𝐴

𝐾𝐾𝐻𝐻,𝐴𝐴𝐴𝐴𝐴𝐴 + 𝑆𝑆𝐴𝐴𝐴𝐴𝐴𝐴
 

𝑋𝑋𝑆𝑆𝑆𝑆𝑆𝑆 𝑋𝑋𝐻𝐻⁄
𝐾𝐾𝐻𝐻,𝑆𝑆𝑆𝑆𝑆𝑆 + 𝑋𝑋𝑆𝑆𝑆𝑆𝑆𝑆 𝑋𝑋𝐻𝐻⁄ 𝑋𝑋𝐻𝐻 

6 Anoxic Growth NO3–NO2 𝜇𝜇𝐻𝐻𝜂𝜂𝐻𝐻,𝑁𝑁𝑂𝑂3
𝐾𝐾𝐻𝐻,𝑂𝑂2𝑖𝑖𝑖𝑖ℎ

𝐾𝐾𝐻𝐻,𝑂𝑂2𝑖𝑖𝑖𝑖ℎ + 𝑆𝑆𝑂𝑂
 

𝐾𝐾𝐻𝐻,𝑁𝑁𝑁𝑁2,𝑖𝑖𝑖𝑖ℎ

𝐾𝐾𝐻𝐻,𝑁𝑁𝑁𝑁2,𝑖𝑖𝑖𝑖ℎ + 𝑆𝑆𝑁𝑁𝑂𝑂2

𝑆𝑆𝑁𝑁𝑁𝑁
𝐾𝐾𝐻𝐻,𝑁𝑁4 + 𝑆𝑆𝑁𝑁𝑁𝑁

 
𝑆𝑆𝐴𝐴𝐴𝐴𝐴𝐴

𝐾𝐾𝐻𝐻,𝐴𝐴𝐴𝐴𝐴𝐴 + 𝑆𝑆𝐴𝐴𝐴𝐴𝐴𝐴
 

𝑋𝑋𝑆𝑆𝑆𝑆𝑆𝑆 𝑋𝑋𝐻𝐻⁄
𝐾𝐾𝐻𝐻,𝑆𝑆𝑆𝑆𝑆𝑆 + 𝑋𝑋𝑆𝑆𝑆𝑆𝑆𝑆 𝑋𝑋𝐻𝐻⁄  

𝑆𝑆𝑁𝑁𝑂𝑂3
𝐾𝐾𝐻𝐻,𝑁𝑁𝑂𝑂3 + 𝑆𝑆𝑁𝑁𝑂𝑂3

 𝑋𝑋𝐻𝐻  

7 Anoxic growth NO2–N2 𝜇𝜇𝐻𝐻𝜂𝜂𝐻𝐻,𝑁𝑁𝑂𝑂2
𝐾𝐾𝐻𝐻,𝑂𝑂2𝑖𝑖𝑖𝑖ℎ

𝐾𝐾𝐻𝐻,𝑂𝑂2𝑖𝑖𝑖𝑖ℎ + 𝑆𝑆𝑂𝑂

𝐾𝐾𝐻𝐻,𝑁𝑁𝑁𝑁2,𝑖𝑖𝑖𝑖ℎ

𝐾𝐾𝐻𝐻,𝑁𝑁𝑁𝑁2,𝑖𝑖𝑖𝑖ℎ + 𝑆𝑆𝑁𝑁𝑂𝑂2
 

𝑆𝑆𝑁𝑁𝑁𝑁
𝐾𝐾𝐻𝐻,𝑁𝑁4 + 𝑆𝑆𝑁𝑁𝑁𝑁

 
𝑆𝑆𝐴𝐴𝐴𝐴𝐴𝐴

𝐾𝐾𝐻𝐻,𝐴𝐴𝐴𝐴𝐴𝐴 + 𝑆𝑆𝐴𝐴𝐴𝐴𝐴𝐴
 

𝑋𝑋𝑆𝑆𝑆𝑆𝑆𝑆 𝑋𝑋𝐻𝐻⁄
𝐾𝐾𝐻𝐻,𝑆𝑆𝑆𝑆𝑆𝑆 + 𝑋𝑋𝑆𝑆𝑆𝑆𝑆𝑆 𝑋𝑋𝐻𝐻⁄  

𝑆𝑆𝑁𝑁𝑂𝑂2
𝐾𝐾𝐻𝐻,𝑁𝑁𝑂𝑂2 + 𝑆𝑆𝑁𝑁𝑂𝑂2

 𝑋𝑋𝐻𝐻  

8 
Aerobic Endogenous Resp. of 

XH 
𝑏𝑏𝐻𝐻,𝑂𝑂2

𝑆𝑆𝑂𝑂
𝐾𝐾𝐻𝐻,𝑂𝑂2 + 𝑆𝑆𝑂𝑂

𝑋𝑋𝐻𝐻 

9 
Anoxic Endogenous Resp. 

NO3–NO2 
𝑏𝑏𝐻𝐻,𝑂𝑂2𝜂𝜂𝐻𝐻,𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑂𝑂3

𝐾𝐾𝐻𝐻,𝑂𝑂2𝑖𝑖𝑖𝑖ℎ

𝐾𝐾𝐻𝐻,𝑂𝑂2𝑖𝑖𝑖𝑖ℎ + 𝑆𝑆𝑂𝑂
 

𝑆𝑆𝑁𝑁𝑂𝑂3
𝐾𝐾𝐻𝐻,𝑁𝑁𝑂𝑂3 + 𝑆𝑆𝑁𝑁𝑂𝑂3

 𝑋𝑋𝐻𝐻 

10 
Anoxic Endogenous Resp 

NO2–N2 
𝑏𝑏𝐻𝐻,𝑂𝑂2𝜂𝜂𝐻𝐻,𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑂𝑂2

𝐾𝐾𝐻𝐻,𝑂𝑂2𝑖𝑖𝑖𝑖ℎ

𝐾𝐾𝐻𝐻,𝑂𝑂2𝑖𝑖𝑖𝑖ℎ + 𝑆𝑆𝑂𝑂
 

𝑆𝑆𝑁𝑁𝑂𝑂2
𝐾𝐾𝐻𝐻,𝑁𝑁𝑂𝑂2 + 𝑆𝑆𝑁𝑁𝑂𝑂2

 𝑋𝑋𝐻𝐻 

11 Aerobic Resp. of XSTO 𝑏𝑏𝑆𝑆𝑆𝑆𝑆𝑆,𝑂𝑂2
𝑆𝑆𝑂𝑂

𝐾𝐾𝐻𝐻,𝑂𝑂2 + 𝑆𝑆𝑂𝑂
 𝑋𝑋𝑆𝑆𝑆𝑆𝑆𝑆 

12 
Anoxic Resp. of XSTO NO3–

NO2 
𝑏𝑏𝑆𝑆𝑆𝑆𝑆𝑆,𝑂𝑂2  𝜂𝜂𝐻𝐻,𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑂𝑂3

𝐾𝐾𝐻𝐻,𝑂𝑂2𝑖𝑖𝑖𝑖ℎ

𝐾𝐾𝐻𝐻,𝑂𝑂2𝑖𝑖𝑖𝑖ℎ + 𝑆𝑆𝑂𝑂
 

𝑆𝑆𝑁𝑁𝑂𝑂3
𝐾𝐾𝐻𝐻,𝑁𝑁𝑂𝑂3 + 𝑆𝑆𝑁𝑁𝑂𝑂3

 𝑋𝑋𝑆𝑆𝑆𝑆𝑆𝑆 

13 Anoxic Resp. of XSTO NO2–N2 𝑏𝑏𝑆𝑆𝑆𝑆𝑆𝑆,𝑂𝑂2  𝜂𝜂𝐻𝐻,𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑂𝑂2
𝐾𝐾𝐻𝐻,𝑂𝑂2𝑖𝑖𝑖𝑖ℎ

𝐾𝐾𝐻𝐻,𝑂𝑂2𝑖𝑖𝑖𝑖ℎ + 𝑆𝑆𝑂𝑂
 

𝑆𝑆𝑁𝑁𝑂𝑂2
𝐾𝐾𝐻𝐻,𝑁𝑁𝑂𝑂2 + 𝑆𝑆𝑁𝑁𝑂𝑂2

 𝑋𝑋𝑆𝑆𝑆𝑆𝑆𝑆 



Table S2. Model stoichiometry [38]. 

# Process 𝑺𝑺𝑵𝑵𝟎𝟎𝟑𝟑 𝑺𝑺𝑵𝑵𝟎𝟎𝟐𝟐 𝑺𝑺𝑵𝑵𝟐𝟐 𝑺𝑺𝑵𝑵𝑵𝑵 𝑿𝑿𝑺𝑺 𝑺𝑺𝑺𝑺 𝑺𝑺𝟎𝟎 𝑺𝑺𝑨𝑨𝑨𝑨𝑨𝑨 𝑿𝑿𝑯𝑯 𝑿𝑿𝑺𝑺𝑺𝑺𝑺𝑺 𝑿𝑿𝑰𝑰 

1 Hydrolysis 0 0 0 0 -1 1
− 𝑓𝑓𝑆𝑆𝑆𝑆 

0 𝑖𝑖𝑁𝑁,𝑋𝑋𝑋𝑋 − 𝑓𝑓𝑆𝑆𝑆𝑆 ∙ 𝑖𝑖𝑁𝑁,𝑆𝑆𝑆𝑆 − (1 − 𝑓𝑓𝑆𝑆𝑆𝑆) ∙ 𝑖𝑖𝑁𝑁,𝑆𝑆𝑆𝑆

14
 0 0 0 

2 
Aerobic Storage 

of SS 
0 0 0 𝑖𝑖𝑁𝑁,𝑆𝑆𝑆𝑆 0 −1 YSTOO2-1 

𝑖𝑖𝑁𝑁,𝑆𝑆𝑆𝑆

14
 0 𝑌𝑌𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆2 0 

3 
Anoxic Storage of 

SS NO3–NO2 −
1 − 𝑌𝑌𝑆𝑆𝑆𝑆𝑂𝑂𝑁𝑁𝑂𝑂3

1.14
 

1 − 𝑌𝑌𝑆𝑆𝑆𝑆𝑂𝑂𝑁𝑁𝑂𝑂3
1.14

 0 𝑖𝑖𝑁𝑁,𝑆𝑆𝑆𝑆 0 −1 0 
𝑖𝑖𝑁𝑁,𝑆𝑆𝑆𝑆

14
 0 𝑌𝑌𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑂𝑂3  0 

4 
Anoxic Storage of 

SS NO2–N2 
0 −

1 − 𝑌𝑌𝑆𝑆𝑆𝑆𝑂𝑂𝑁𝑁𝑂𝑂2
1.72

 
1 − 𝑌𝑌𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑂𝑂2

1.72
 𝑖𝑖𝑁𝑁,𝑆𝑆𝑆𝑆 0 −1 0 �𝑖𝑖𝑁𝑁,𝑆𝑆𝑆𝑆

− �𝑌𝑌𝑆𝑆𝑆𝑆𝑂𝑂𝑁𝑁𝑂𝑂2 − 1�
1.72 �

14
 

0 𝑌𝑌𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑂𝑂2  0 

5 
Aerobic Growth 

of XH 
0 0 0 −𝑖𝑖𝑁𝑁,𝐵𝐵𝐵𝐵 0 0 1 −

1
𝑌𝑌𝐻𝐻𝐻𝐻2

 −
𝐼𝐼𝑁𝑁,𝐵𝐵𝐵𝐵

14
 1 −

(1)
𝑌𝑌𝐻𝐻𝐻𝐻2

 0 

6 
Anoxic Growth 

NO3–NO2 
−

1 − 𝑌𝑌𝐻𝐻𝑁𝑁𝑂𝑂3
1.14 ∙ 𝑌𝑌𝐻𝐻𝐻𝐻𝑂𝑂3

 
1 − 𝑌𝑌𝐻𝐻𝑁𝑁𝑂𝑂3

1.14 ∙ 𝑌𝑌𝐻𝐻_𝑁𝑁𝑂𝑂3
 0 −𝑖𝑖𝑁𝑁,𝐵𝐵𝐵𝐵 0 0 0 −

𝐼𝐼𝑁𝑁,𝐵𝐵𝐵𝐵

14
 1 −

(1)
𝑌𝑌𝐻𝐻𝐻𝐻𝑂𝑂3

 0 

7 
Anoxic growth 

NO2–N2 
0 −

1 − 𝑌𝑌𝐻𝐻𝑁𝑁𝑂𝑂2
1.72 ∙ 𝑌𝑌𝐻𝐻𝐻𝐻𝑂𝑂2

 
1 − 𝑌𝑌𝐻𝐻𝐻𝐻𝑂𝑂2

1.72 ∙ 𝑌𝑌𝐻𝐻𝐻𝐻𝑂𝑂2
 −𝑖𝑖𝑁𝑁,𝐵𝐵𝐵𝐵 0 0 0 �

𝑌𝑌𝐻𝐻𝑁𝑁𝑂𝑂2 − 1
1.72 ∙ 𝑌𝑌𝐻𝐻𝑁𝑁𝑂𝑂2

+ 𝑖𝑖𝑁𝑁,𝐵𝐵𝐵𝐵�

14
 

1 −
1

𝑌𝑌𝐻𝐻𝐻𝐻𝑂𝑂2
 0 

8 
Aerobic 

Endogenous 
Resp. of XH 

0 0 0 
−𝑓𝑓𝑋𝑋𝑋𝑋 ∙ 𝑖𝑖𝑁𝑁,𝑋𝑋𝑋𝑋
+ 𝑖𝑖𝑁𝑁,𝐵𝐵𝐵𝐵 0 0 −(1 − 𝑓𝑓𝑋𝑋𝑋𝑋) 

−𝑓𝑓𝑋𝑋𝑋𝑋 ∙ 𝑖𝑖𝑁𝑁,𝑋𝑋𝑋𝑋 + 𝑖𝑖𝑁𝑁𝐵𝐵𝐵𝐵
14

 -1 0 𝑓𝑓𝑋𝑋𝑋𝑋 

9 
Anoxic 

Endogenous 
Resp. NO3–NO2 

−
1 − 𝑓𝑓𝑋𝑋𝑋𝑋

1.14
 

1 − 𝑓𝑓𝑋𝑋𝑋𝑋
1.14

 0 
−𝑓𝑓𝑋𝑋𝑋𝑋 ∙ 𝑖𝑖𝑁𝑁,𝑋𝑋𝑋𝑋
+ 𝑖𝑖𝑁𝑁,𝐵𝐵𝐵𝐵 0 0 0 

−𝑓𝑓𝑋𝑋𝑋𝑋 ∙ 𝑖𝑖𝑁𝑁,𝑋𝑋𝑋𝑋 + 𝑖𝑖𝑁𝑁,𝐵𝐵𝐵𝐵

14
 -1 0 𝑓𝑓𝑋𝑋𝑋𝑋 

10 
Anoxic 

Endogenous 
Resp NO2–N2 

0 
 

−
1 − 𝑓𝑓𝑋𝑋𝑋𝑋

1.72
 

1 − 𝑓𝑓𝑋𝑋𝑋𝑋
1.72

 
−𝑓𝑓𝑋𝑋𝑋𝑋 ∙ 𝑖𝑖𝑁𝑁,𝑋𝑋𝑋𝑋
+ 𝑖𝑖𝑁𝑁,𝐵𝐵𝐵𝐵 0 0 0 𝑖𝑖𝑁𝑁,𝐵𝐵𝐵𝐵 − 𝑓𝑓𝑋𝑋𝑋𝑋 ∙ 𝑖𝑖𝑁𝑁,𝑋𝑋𝑋𝑋 −

𝑓𝑓𝑋𝑋𝑋𝑋 − 1
1.72

14
 -1 0 𝑓𝑓𝑋𝑋𝑋𝑋 

11 
Aerobic Resp. of 

XSTO 
0 0 0 0 0 0 -1 0 0 -1 0 

12 
Anoxic Resp. of 
XSTO NO3–NO2 −

1
1.14

 
1

1.14
 0 0 0 0 0 0 0 -1 0 



# Process 𝑺𝑺𝑵𝑵𝟎𝟎𝟑𝟑 𝑺𝑺𝑵𝑵𝟎𝟎𝟐𝟐 𝑺𝑺𝑵𝑵𝟐𝟐 𝑺𝑺𝑵𝑵𝑵𝑵 𝑿𝑿𝑺𝑺 𝑺𝑺𝑺𝑺 𝑺𝑺𝟎𝟎 𝑺𝑺𝑨𝑨𝑨𝑨𝑨𝑨 𝑿𝑿𝑯𝑯 𝑿𝑿𝑺𝑺𝑺𝑺𝑺𝑺 𝑿𝑿𝑰𝑰 

13 
Anoxic Resp. of 

XSTO NO2–N2 
0 −

1
1.72

 
1

1.72
 0 0 0 0 

1
24.08

 0 -1 0 

 


