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Table S1. Short-term operational conditions of influencing factor experiment of the H2-MBfR. 

Short-term 
series 

H2 pressure 
(MPa) 

Influent NO3- 
(mg/L) 

CO2 pressure 
(MPa) 

Other conditions 

H2 series 0.01-0.08 10 0.012 Influent 
flowrate=2.0mL/min 

HRT=4.7 
Influent BrO3-=1.0mg/L 
Influent NO3-=10mgN/L 

NO3- series 0.04 1-20 0.012 

CO2 series 0.04 10 0.004-0.036 

 

Table S2. Start-up and long-term operational conditions of the H2-MBfR. 

Stages 
Periods 
(days) 

H2 pressure 
(MPa) 

CO2 pressure 
(MPa) 

Influent 
NO3- 

(mgN/L) 

Influent 
BrO3- 

(mg/L) 

Influent 
flowrate 
(mL/min) 

HRT 
(h) 

Stage1 0~40 0.04 0.012 10 0 1.6/2.0 5.8/4.7 
Stage2 41~60 0.04 0.012 10 0 2.0 4.7 
Stage3 61~80 0.04 0.012 10 0.1 2.0 4.7 
Stage4 81~100 0.04 0.012 10 0.5 2.0 4.7 
Stage5 101~140 0.04 0.012 10 1.0 2.0 4.7 

 

Table S3. Stoichiometric and kinetic parameters of BRB related metabolic process for the 

developed model. 

Parameter Definition Value Unit Source 
0

s,BRBf  Fraction of electrons for cell synthesis 
reaction on BRB 0.591 - 

Theoretically 
calculated* 

0
e,BRBf  Fraction of electrons for energy 

providing reaction on BRB 0.409 - 
Theoretically 

calculated* 

BRBµ  Maximum specific growth rate of BRB 0.85 1/d Recalibrated 

BrO3K  Half maximum rate concentration of 
BrO3- for BRB 

0.014 mg/L Recalibrated 

 

Table S4. Experiments operational parameters for the model development. 

Parameters Symbol Value Unit 
Total reactor volume V 5.6·10-4 m3 

Membrane area A 6.33·10-2 m2 

Influent velocity Qin 2 mL/min 
Influent BrO3- concentration SBrO3 0.1-1.0 mg/L 
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H2 pressure PH2 0.01-0.08 MPa 
Influent NO3- concentration SsNO3 1-20 mgN/L 
CO2 pressure PCO2 0.004-0.036 MPa 

 

Table S5. Other pertinent input parameters for model development. 

Symbol Description Value Unit Source 
Stoichiometric parameters 

f0e,DNB Portion of electrons for energy providing 
reaction of H2-based denitrification 0.462 - (Jiang et al., 2020) 

f0s,DNB Portion of electrons for biomass 
synthesis of DNB 0.538 - (Jiang et al., 2020) 

YHB Yield for HB growing on SMP 0.67 mol COD/mol 

COD (Henze et al., 2008) 

k1 Fraction of electrons going to biomass 
production 

0.77 - (Tang et al., 2012) 

k2 Fraction of electrons going to SMP 
formation 0.05 - (Tang et al., 2012) 

k3 Fraction of electrons going to EPS 
formation 0.18 - (Tang et al., 2012) 

fd Fraction of biodegradable biomass 0.8 - (Tang et al., 2012) 
Kinetic parameters 
µDNB  Maximum specific growth rate of DNB 0.57 1/d Recalibrated 
µHB  Maximum specific growth rate of HB 4 1/d (Jiang et al., 2020) 

DNB
H2K  Half maximum rate concentration of 

H2 for DNB 0.001 mol H2/m3 (Tang et al., 2012) 

DNB
NO3K  Half maximum rate concentration of 

NO3- for DNB 0.0143 mol N/m3 (Tang et al., 2012) 

DNB
CO2K  Half maximum rate concentration of 

CO2 for DNB 0.0001 mol CO2/m3 (Jiang et al., 2020) 

BRB
H2K  Half maximum rate concentration of 

H2 for BRB 0.001 mol H2/m3 (Jiang et al., 2020) 

BRB
NO3K  Half maximum rate concentration of 

NO3- for BRB 0.0143 mol N/m3 (Jiang et al., 2020) 

BRB
CO2K  Half maximum rate concentration of 

CO2 for BRB 0.0001 mol CO2/m3 (Jiang et al., 2020) 

HB
NO3K  Half maximum rate concentration of 

NO3- for HB 0.0143 mol N/m3 (Tang et al., 2012) 

HB
SMPK  Half maximum rate concentration of 

SMP for HB 0.156 mol COD/m3 (Chen et al., 2017) 

DNBb  Specific decay rate of DNB 0.05 1/d (Jiang et al., 2020) 

BRBb  Specific decay rate of BRB 0.05 1/d (Jiang et al., 2020) 

HBb  Specific decay rate of HB 0.1 1/d (Jiang et al., 2020) 

hydk  Hydrolysis rate of EPS 0.22 1/d (Tang et al., 2012) 
Physical parameters 

DH2 Diffusion coefficient of H2 in water 4.415·10-4 m2/d (Lide, 2012) 
DNO3 Diffusion coefficient of NO3- in water 1.643·10-4 m2/d (Lide, 2012) 
DBrO3 Diffusion coefficient of BrO3- in water 1.281·10-4 m2/d (Lide, 2012) 
DCO2 Diffusion coefficient of CO2 in water 1.650·10-4 m2/d (Lide, 2012) 
DSMP Diffusion coefficient of SMP in water 8.64·10-5 m2/d (Lide, 2012) 
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fdif Diffusion in biofilm/in water 
   

0.75 - (Jiang et al., 2020) 
HH2 Henry coefficient of H2 0.019 - (Jiang et al., 2020) 
Km H2 transfer coefficient of HFM 0.189 m/d Recalibrated 

 

Section S1. Calculation of the stoichiometric coefficients for BRB metabolic process (method 

(Henze et al., 2008; Jiang et al., 2020)). 

The stoichiometric coefficient for BRB metabolic process was theoretically calculated 

based on bioenergetics. The calculation procedure consists of the following 4 steps. 

A. Energy providing reaction (catabolism) 

The reaction and energy available from the autotrophic growth with H2 as electron donor 

and BrO3- as electron acceptor is:  

2 3 2
1 1 1 1H BrO = Br + H O
2 6 6 2

− −+    -138.98 kJ/eeq   S1.1 

ΔGcata = KΔGR = 0.60× (-138.98) = -83.39 kJ/eeq     S1.2 

where: ΔGcata is th Gibbs energy available for catabolism from 1 eeq of electron donor (kJ/eeq), 

K is the fraction of energy transfer captured (typically 0.60), ΔGR is the Gibbs energy released 

from 1 eeq of electron donor (kJ/eeq), ΔGR = -138.98 kJ/eeq according to S1.1. 

B. Energy needed for cell synthesis (anabolism) 

Referring to the references (Henze et al., 2008; Jiang et al., 2020), the energy needed to 

synthesize biomass from H2 as electron donor and NO3- as nitrogen source was that ΔGana = 

57.702 kJ/eeq.  

C. Determin fe0 (energy fraction) and fs0 (cell synthesis fraction) 

0
s 0

ana
0

catas

1 1 1 0.591
57.702111 83.39

e

f
Gf
Gf

= = = =
∆

+++
−∆

     S1.3 

0 0
e s1 1 0.591 0.409f f= − = − =         S1.4 

D. Solve for the stoichiometric coefficients for all the components with BRB autotrophic growth on H2  

(ED reaction) + (EA reaction) × fe0 + (Synthesis reaction) × fs0   S1.5 

0 0 0 0 0 0 0 0
0s e s s e s e s

2 3 3 e 2 5 7
–

2 2
– 29 5 111 H + NO + BrO + H CO Br C H O N+ + H O

2 28 6 28 28 6 28 2
1

2 8
– + −

   
+ + = +      
   

f f f f f f f f
f

                  S1.6 

 Substitute the values of fe0 and fs0 into S1.6: 
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2 3
–

3 2 5 7 2 2
–0.5H +0.021NO +0.068BrO 0.021H 0.106CO 0.068Br 0.021C H O N+0.437H O+ −+ + = +  

                 S1.7 
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