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1. Supplemental Data

1.1 Parameters Used for Geochemical Modeling

Table S1. Elements and Ionic species considered in the geochemical modeling.

Element Ionic species
Al Al(OH)s~, AI(OH)s, A[(OH)2*, AIOH?, AISO«*, Al3*, As(SO4)2~
C HCOs ™, H2COs, COs2~, CH:COO ™, C:HsOH
Ca?, CaSO4, CaHCOs*, Ca(CHsCOOQO)*, CaCOs, CaHPOs4, CaOH?, CaPOs ",
Ca CaNHs?, CaH2POs*, Ca(NH3)22*, CaNOs*
Cd2, CdSOs, CdCOs, Cd(SOs4)22~, CdOH*, CdHCOs+, Cd(COs)22~, Cd(OH)e,
Cd Cd-0OH3*, Cd(OH)s~, Cd(OH)«2~, CdNOs*, Cd(NOs)2, Cd(CHsCOO)*,
Cd(CHsCOO), Cd(HS)2, CdHS*, Cd(HS)s~, Cd(HS)4~
CuCQOs, Cu?, Cu(OH)2, CuSOs, Cu2(OH)22, Cu(COs)22, CuHCOs*, CuNHs%,
Cu Cu(OH)s ", Cu(OH)4 ", CuNOz2*, CuNOs*, Cu(NOz2)2, Cu(NOs)2, Cu(HS)s,
Cu(CHsCOOQ)*, Cu(CHsCOO)?, Cu(CHsCOO)s™
Fe?, FeSOs, FeOH*, FeHCOs*, FeHPOs, Fe(OH)2, FeH2PO4*, Fe(OH)s~, Fe(HS),,
Fe Fe(HS)s, Fe(CHsCOO), Fe(OH):*, Fe(OH)s, Fe(OH)s~, FeOH?, FeHPOx*, FeSO«,
Fe(CHsCOO)%, Fe(CHsCOOQ)2*, Fe3*, Fe(SOs)2~, Fe(CH3COO)s, FeH2PO42+,
FeNOs?*, Fe2(OH)2%, Fes(OH)45*
Mg Mg?, MgS50s, MgHCOs*, MgCOs, MgOH*, MgHPO4, MgH2POx4*, MgPOs™,
Mg(CHsCOO)*
Mn2, MnSO4, MnHCOs*, MnOH*, Mn(OH)s~, Mn(OH)4~, MnNOs*, Mn(NOs)2,
Mn Mn(CHsCOOQO)*, Mn?, MnO42, MnOs4
N NHa4*, NHs, NH4SOs, NO:2, NOs
Na Na*, NaSOs~, NaHCOs, NaCOs ™, NaHPO4, Na(CHsCOO)
P HPO4s2 ", H2PO4—, PO, HsPOu4
Si H4SiO4, H35104, H2Si042 ™
S H2S, HS™, 527, SO+, HSO4+~
Zn?, ZnSOs, ZnCOs, ZnOH*, Zn(OH)2, ZnHCOs*, Zn(SO4)22~, Zn(OH)s ™,
Zn Zn(OH)4 ", ZnNOs*, Zn(NOs)?2, ZnS(HS) , Zn(HS)2, Zn(HS)s~, ZnS(HS)22 ",

Zn(HS)22 ", Zn(CH>COO)*, Zn(CHs;COO):




Table S2. Precipitates species considered in the geochemical modeling.

Precipitates Chemical Equation Log K
CaCO:s (Calcite) CaCQOs = Caz + COs2~ -8.48
CaSO0s4+2H20 (Gypsum) CaSO0s+2H20 = Ca? + SO~ +2H20 -4.61
MgCOs (Magnesite) MgCOs = Mg? + COs>~ +3H20 -7.46
Cu(OH)2 Cu(OH)2 + 2H* = Cu* + 2H0 8.67
CuS (Covellite) CuS + H*=Cu?+ HS™ -22.3
CuCOs CuCQOs = Cu?* + COs2~ -11.5
Cus(OH)2(COs)2 (Azurite) Cus(OH)2(COs)2 + 2H* = 3Cu?* + 2H20 + 2COs2~ -16.9
Cu2(OH)2COs (Malachite) Cu2(OH)2COs + 2H* = 2Cu?* + 2H20 + COs2 ™~ -5.30
Cd(OH): Cd2* + 2H0 = Cd(OH)2 + 2H* 13.6
CdS (Greenockite) CdS + H*=Cd2 + HS™ -14.4
CdCOs (Otavite) CdCOs = Cd2 + COs2~ -12.0
CdSiOs CdSiOs + 2H* + H20 = Cd2?+ + HaSiO4 9.06
Zn(OH): Zn(OH). + 2H* = Zn?* + 2H20 12.2
ZnS (Sphalerite) ZnS + H* = Zn? + HS™ -11.5
ZnCQOs (Smithsonite) ZnCQOs = Zn? + CO32~ -10.0
ZnCOs+1H0 ZnCOs3+1H20 = Zn2* + COs2~ + H20 -10.3

Table S3. Physical parameters used for the one-dimensional advection calculation.

Number of cells [-] 80
Length of one cell [m] 0.01
Total length [m] 0.8
HRT [sec] 90000
Flow velocity 8.9x10¢
Flow direction forward
Time step [sec] 1125




1.2 Quantification of Silicate Dissolution from Rice Husk (Abiotic Preliminary Kinetic Test)
Silicate dissolution from rice husk was evaluated by suspending 4.5 g of rice husk
in 150 mL of distilled water for 9 hours. The solution sample was routinely taken to monitor
pH and then filtered to measure the concentration of silicate by ICP-OES (Agilent 5110 ICP-
OES, Agilent Technologies Inc.). Based on the dissolved silicate concentration as a function
of time, a kinetic equation was constructed to simulate its dissolution behavior (Fig. S1). The
constructed kinetic equation (Eq. S1) was then incorporated into the geochemical model

calculation as explained in chapter 2.3.

2.0
(O Experimental

—— Calculation

[
wn
T

S1 dissolved (mM)
.O o
wh <

0 2 4 6 8 10
Time (hour)

Figure S1. Changes in the concentration of Si dissolved from the rice husk with time (open

circle). A solid line indicates the fitting curve calculated by the kinetic equation (Eq. S1).

d[Si]/dt = ke(1-10515102l)  (j = 5x10%) (S1)



Where [Si] indicates the concentration of Si (mg/L), ks indicates the kinetic constant (s?), and
SI[SiOz] indicates the saturation index of SiO2. The kinetic constant ks was a fitting parameter

via the numerical fitting of the kinetic equation to the experimental result.



