Supporting Information for

Evaluating Enhanced Sulfate Reduction and Optimized Volatile Fatty Acids (VFA)

Composition in Anaerobic Reactor by Fe (111) Addition

Yiwen Liu*, Yaobin Zhang®* and Bing-Jie Ni**

!Advanced Water Management Centre, The University of Queensland, St Lucia, QLD 4072,
Australia
’Key Laboratory of Industrial Ecology and Environmental Engineering, Ministry of
Education, School of Environmental Science and Technology, Dalian University of

Technology, Dalian 116024, China

*Corresponding authors:
Bing-Jie Ni, P +61 7 33463230; F +61 7 33654726; E-mail: b.ni@ug.edu.au

Yaobin Zhang, P +86 411 84706460; F +86 411 84706263; E-mail: zhangyb@dIlut.edu.cn

The following are included as supporting information for this paper:
number of pages: 10
number of figures: 0

number of tables: 6

S1


mailto:zhiguo@awmc.uq.edu.au

Table S1. The Definition and Units of Model Components

Variable Definition Unit
Seu Sugar g COD/m®
Sy Butyrate acid g COD/m®
Shu- Butyrate g COD/m®
Spro Propionate acid g COD/m®
Spro- Propionate g COD/m?®
Sac Acetate acid g cCoD/m®
Sac- Acetate g COD/m®
Sh2 Hydrogen in wastewater g COD/m®
Sha,g Hydrogen in gas phase g COD/m®
Scoz Carbon dioxide in wastewater mM
Sheo3 Bicarbonate mM
Scoz,g Carbon dioxide in gas phase mM
Snn Ammonia g N/m®
Snha Ammonium g N/m®
Ssos Sulfate g S/m®
Sios H,S in wastewater g S/m®
Shs HS in wastewater g S/m?
Stzsg H.S in gas phase g S/m?
She Hydrogen ion mM
Scat Metallic cation mM
San Metallic anion mM
Sker Fe?* g Fe/m®
Xre3 Fe,03 g Fe/m?®
Skes Fe* g Fe/m?®
Xres Iron-sulfide precipitation g/m’
Xs Readily biodegradable COD g COD/m®
X Inert particular COD g COD/m?®
Xsu Sugar degraders g COD/m?®
Xbu Butyrate degraders g COD/m’®
Xpro Propionate degraders g COD/m’®
XiRe bu IRB grown on butyrate g COD/m®
XiRB,pro IRB grown on propionate g COD/m*®
Xirg.ac IRB grown on acetate g COD/m’®
XirB.h IRB grown on hydrogen g COD/m?®
XsRe bu SRB grown on butyrate g COD/m®
XsrB,pr SRB grown on propionate g COD/m*®
Xsre.ac SRB grown on acetate g COD/m’®
Xsre.n SRB grown on hydrogen g cob/m®
Sic Total inorganic carbon mM
SiN Total inorganic nitrogen g N/m®
Soh- Hydroxide ion mM
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Table S2. Stoichiometric Matrix for the Developed Model

Ssu Shu Spro Sac Sh2 Sso04 Shas Sic Sin Xres | Spes Sre2 | Xres Xs X Xsu Xbu Xoro | XsrBbu | XsrBpr | XsrBac | Xsreh | Xirebu | XirBpr | XirBac | XiRB,h
COD COD COD COD COD S S C N Fe Fe Fe FeS | COD | COD | COD | COD | COD | CcOD | COD | COD | COD | CcOD | CcOD | CcOD | coD

1 1 -1

2 -1 f1(1-Ys) | f2(1-Ys) | f3(1-Yga) f4(1-Yq) -20C) v —Y,C(Ny;,) Y

3 -1 f5(1-Ybu) f6(1-Ybu) _Yc4C(Nbio) Ybu

4 -1 f7(1—Ypro) f8(1—Ypro) -2CC) v, —YprC(Nbio) Yo

5 -1 1_YSRB,bu 1_YSRB‘bu _YSRB,buC(Nbio) YSRB,bu
2 2

6 -1 1= ‘;m'* ! _‘;‘F”* -2¢(C) v ~Ysrg, prC(Nyio) YSRB,pr

7 '1 - Y:M; L _Y:RI'_ -ZC(C‘)AU“‘ _YSRB,acC(Nbio) YSRB ac
2 2 '

8 -1 _ 17 Vom 17 Vns -2¢(C) V| = Ygeg 1C(Niyo) Y sren
2 2 '

9 -1 _YIRBC(Nbio) - 7(1*Y|RB) 7(1*Y|RB) YIRB

10 -1 “2elC) s ~=YrsC(Nyio) —T(1=Yg) 7(~Ypgs) Yire

11 -1 -26(C) v —Yira C(Niio) —TA=Yigg) 7A—Ypgg) YirB

12 -1 - 2.¢(C)- Vi =Yg C(Niio) _7(1_YIRB) 7(:I-_Yms) YIRB

13 -1 1

14 -1 -7l n2

15 0.9 0.1 -1

16 0.9 0.1 -1

17 0.9 0.1 -1

18 0.9 0.1 -1

19 0.9 0.1 -1

20 0.9 0.1 -1

21 0.9 0.1 -1

22 0.9 0.1 -1

23 0.9 0.1 -1

24 0.9 0.1 -1

25 0.9 0.1 -1
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Table S3. Process Kinetic Rate Equations for the Developed Model

Process Kinetics rates expressions
1. Hydrolysis L.
k Su X I
2. Uptake of sugar “Kg s 1
3. Uptake of Sy
p . bu —bXbuIZIhZS,Im
butyrate acid K, +S,,

4. Uptake of
propionate acid

pro
pro K +S XmeZ h2s,pro
pro pro

5. Butyrate-based
sulfidogenesis

Sbu SSO4
KSRB,bu +Sbu KS04 +SS04

kSRB,bu SRB,bquHIth,SRB,buPFe3

6. Propionate-based
sulfidogenesis

SPVO S S04 ] I P

SRB,pro” pH" h2s,SRB,pro” Fe3

k
SRB,pro
KSRB,pra +Spr0 KSO4 +SS04

7. Acetate-based
sulfidogenesis

S Ssoa

ac

I 1 P
SRB,ac
KSRB,ac +Sac KS04 +SSO4

SRB,ac” pH*" h2s,SRB,ac” Fe3

8. Hydrogenotrophic
sulfidogenesis

Sh SSO4
KSRB,h +Sh KSO4 +SS04

kSRB,h SRB,hIpH[th,SRB,hPFe3

9. Butyrate-based
iron reduction

Sbu SFe3
KlRB,bu + Sbu KFey + SFeB

1,1

kIRB,bu X[RB,hu pH” h2s,IRB

10. Propionate-based Soro Sres I
|ron reductlon IRB, pro KIRBYP},O +Spm KF63+ +SFe3 IRB,pro™ pH” h2s,IRB

11. Acetate-based Se Sre
. . kIRB,ac fed XIRB,aprHIhZS,IRB
iron reduction Koigae tSue Kppg ¥ Spes

12. Hydrogenotrophic S Srea

iron reduction

l,1

IRB,h" pH* h2s,IRB

IRB,h

KlRB,h +Sh KFe3+ +SFe3

13. Fe,05 corrosion X
. Fe

KFeS +XF@3
14. Sulfide precipitation k poSti25re2
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15. Decay of Xs, K gog Ko

16. Decay of Xy K gec 5uX i

17. Decay of Xpr K tec,proX pro

18. Decay of Xsrs hu K tec, 5w, 5uX s
19. Decay of Xsrg pr K tec, 5B, proX sz, pro
20. Decay of Xsra ac kdec,SRB,acXSRB,ac
21. Decay of Xsrsh K tec, 5w 1 X s
22. Decay of Xire pu K tee, x5 X r8. 0

23. Decay of Xirs pr kdec,IRBXIRB,pm
24. Decay of XIRB,ac kdec,IRB‘X}RB,ac
25. Decay of Xirgn K e, k8 X1z,

p.fe

S

X, h
P,=—2%+1 and |, =1-—=

h2s
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Table S4. Acid-base Reactions of the Developed Model

Equation

SCat + th4/14+ Sh+ 2*SF€‘2 +3*SFe3 - ShC03 = Sac-/64‘ Spro./].lz- Sbu-/160' SoH- '2*8504/32'
SH5/32- SAn =0

SoH-* Sh=Kw

Sbu-*(|‘<a|bu+ Sh+)' Ka,bu*(sbu-"' Sbu):0

Spro-*(Ka,pro+ Sh+)- Ka,pro*(spro-+ Spro):O

Sac-*(Ka,ac+ Sh+)' Ka,ac*(sac-+ Sac):0

Shco?)-*(Ka,coz+ Sh+)' Ka,coZ*(Shco3-+ Scoz):0

th4-*(Ka,nh4+ Sh+)' Ka,nh4*(snh4+snh3):0

Shs*(Ka,h25+ Sh+)' Ka,hZS*(Shs+Sh25):0
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Table S5. Liquid Phase Yield Coefficient and Rate Equations for Liquid-Gas

Reactions in the Developed Model

Sh2 SC02 ShZS Rate
COD C S
-1 k a(Sy, =Ky n,RTS;,,)
-1 kLa(Scoz - KH,coz RTScoz,g)
-1 KL a(Shas = KiinasRTSh64)
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Table S6. Kinetic and Stoichiometric Parameters of the Developed Model

Parameter Definition Values Unit Source

Knaro | Hydrolysis rate of Xs 1 d? 1)

K su Maximum uptake rate of Sg, by X, 10 g cob n;'3_S/ L 2
gCOD m™_Xd

Ksu Half saturation constant for S, 1000 gCcobm? (2

K bu Maximum uptake rate of Sy, by Xp, 5 g cob n;'3_S/ L 2
gCODm” Xd

Kou Half saturation constant for Sp, 500 gCcobm? 2

K pro Maximum uptake rate of Syro by Xpro 5 gcob n;'3_8/ 2
gcobm?® X d*

Kopro Half saturation constant for Sy, 500 gCcobm? 2

Ksrepu | Maximum uptake rate of Sp, by Xsre bu 13.7 g COD m'3_S/ 3
gcobm? xd*

Ksrepu | Half saturation constant of Xsrg py fOr Spy 100 gCcobDm? 3

Ksrepro | Maximum uptake rate of Sy bY Xsrs pro 13.6 gcob rr;'3_S/ L 3)
gCOD m™_Xd

K srepro | Half saturation constant of Xsrg pro fOr Spro 150 g COD m? 3

_ gcobm3_s/

Ksreac | Maximum uptake rate of Syc by Xsrs ac 13.9 4 COD m* X d* (3)

K sreac | Half saturation constant of Xsgg ac fOr Sac 150 g COD m? 3

kKsren | Maximum uptake rate of Sy by Xsren 26.7 gcob r:'3_S/ L (3)
' ' gCOD m™_Xd

Ksren | Half saturation constant of Xsgg s for Sy 0.1 gcobm? 3

K so4 Half saturation constant for Ssos 64 gSm? 3)

K ke Maximum uptake rate of Fe,O3 40 gFem? 4)

Kres | Uptake affinity constant for Fe,03 1000 gFem? (4)

Kpre Promotion constant of Fe,O3 7000 gFem? 4)

_ gcobm®_s/

Kirepu | Maximum uptake rate of Spy by Xirs bu 5 4 COD M X d* 5)

K repu | Half saturation constant of Xirg py for Spy 200 g COD m3 )

Kirspro | Maximum uptake rate of Spro by Xirs pro 5 9cob rr;'3_8/ L (5)
' ' gCODm™ Xd

K repro | Half saturation constant of Xirg pro for Spro 200 gCcoD m® (5)
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gcobm®_s/

Kirsac | Maximum uptake rate of Sac by Xirs.ac 5 4 COD m® X d* (5)

K reac | Half saturation constant of X|rg ac fOr Sac 200 gCcobm? (5)

K IrB 1 Maximum uptake rate of S, by Xirsn 5 g cob n;'3_S/ L (5)
gCOD m™_Xd

Krsn | Half saturation constant of Xrg, for Sy 200 gcobm? (5)

Krest | Uptake affinity constant for Fe** by IRB 10 gFem? (4)

kore | Precipitation rate 1 migtd? 1)

K dec.su Decay rate coefficient of Xy, 0.02 d* 2

Kagecpu | Decay rate coefficient of Xp, 0.01 d* 3)

Kgecpro | Decay rate coefficient of Xyro 0.01 d? 3

K gec.srBpu | Decay rate coefficient of Xsrg pu 0.01 d* 3)

K dec,srB,pro | Decay rate coefficient of Xsrg pro 0.01 d? 3)

K gecsrBac | Decay rate coefficient of Xsrp ac 0.015 d* 3)

K secsren | Decay rate coefficient of Xsrap 0.01 d*? (3)

K gecirs | Decay rate coefficient of IRB 0.01 d? 2

fl stoichiometric parameters 0.13 — (@)

f2 stoichiometric parameters 0.27 — 2

f3 stoichiometric parameters 0.41 — (@)

f4 stoichiometric parameters 0.19 — 2

f5 stoichiometric parameters 0.2 — (@)

f6 stoichiometric parameters 0.8 — (@)

f7 stoichiometric parameters 0.57 — 2

f8 stoichiometric parameters 0.43 — (2)

n stoichiometric parameters 1.65 — (@8]

n2 stoichiometric parameters 2.82 — (1)

Y microorganism yield coefficient 0.1 g COD /g COD (2

Y bu microorganism yield coefficient 0.0366 g COD /g COD €))

Y pro microorganism yield coefficient 0.0366 g COD /g COD 3)

Y srepu | Microorganism yield coefficient 0.0329 g COD /g COD 3

Y sreac | Microorganism yield coefficient 0.0329 g COD /g COD 3)

Y srepro | Microorganism yield coefficient 0.0342 g COD /g COD (€))

Ysren | microorganism yield coefficient 0.0366 g COD /g COD 3

Y IrB microorganism yield coefficient 0.035 g COD /g COD 4
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Khaspu | Inhibition constant by H,S on X, 276 gSm? 3
K naspro | Inhibition constant by H,S on Xor 276 gSm? (3)
Kesiro | Inhibition constant by H,S on IRB 340 gSm? 4
K hassropu | INhibition constant by H,S on Xsra by 256 gSm? (3)
K hassropro | INhibition constant by H,S on Xsrg pro 256 gSm? 3
K hasshac | Inhibition constant by H,S on Xsgg ac 244 gSm? 3
K hassron | Inhibition constant by H,S on Xsren 213 gSm? (3)
Cac carbon content of acetate 0.0313 mol g COD 2
Chio carbon content of biomass 0.0313 mol g COD (2)
Chu carbon content of butyrate 0.0250 mol g™ COD 2
Coro carbon content of propionate 0.0268 mol g COD (2)
Cu carbon content of sugar 0.0313 mol g COD (2)
Cxc carbon content of decay 0.0279 mol g™ COD 2
Npio Nitrogen content of biomass 0.00625 | mol N g* COD (2)
Nyc Nitrogen content of decay 0.002 mol N g* COD 2

Source: (1) Gujer et al., 1999; (2) Bastone et al., 2002; (3) Fedorovich et al., 2003; (4) estimated in
this work using experimental data; and (5) Somasundaram et al., 2009.
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