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Abstract

A mathematical model was developed to understand how the presence of plants affects vertical profiles of electron acceptors,
their reduced species, and trace metals in the wetland sediments. The model accounted for biodegradation of organic matter
utilizing sequential electron acceptors and subsequent chemical reactions using stoichiometric relationship. These
biogeochemical reactions were affected by the combined effects of oxygen release and evapotranspiration driven by wetland
plants. The measured data showed that SO,” concentrations increased at the beginning of the growing season and then
gradually decreased. Based on the measured data, it was hypothesized that the limitation of the solid phase sulfide in direct
contact with the roots may result in the gradual decrease of SO,* concentrations. With the dynamic formulation for the
limitation of the solid phase sulfide, model simulated time variable sulfate profiles using published model parameters. Oxygen
release from roots produced divalent metal species (i.e. Cd2+) aswell as oxidized sulfur species (i.e. 8042') in the sediment pore
water. Evapotranspiration-induced advection increased flux of divalent metal species from the overlying water column into the
rhizosphere. The increased divalent metal species were converted to the metal sulfide with sufficient FeS around the
rhizosphere, which contributed to the decrease of bioavailability and toxicity of divalent metal activity in the pore water. Since
the divalent metal activity is a good predictor of the metal bioavailability, this model with a proper simulation of solid phase
sulfide plays an essential role to predict the dynamics of trace metalsin the wetland sediments.

keywords : Plants, Solid phase sulfide, Trace metals, Wetland sediments
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S(NH,', F&*, HS) A37I= st 8 A%

3t EZES Z3sA7)71= $thArmstrong, 1979;
Dacey, 1980; Mendelssohn et a., 1995; Sorrell, 1999). &=
S A &2 A& (evapotranspiration)ell ¢J3 A EF 2
Az 2gE && EZS ZA(rhizosphere) &2 0] FA|
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Table 1. Biogeochemical reactions included in the model

(CH,0)406(NH3) 16 (HsPO,) + 1060, - 106C0, + 106NH; + HyPO, + 106H,0

4Fe?* 4+ 0, + 6H,0 — 4FeO0H + 8H™
HS™ + 20, > SOZ~ + H*

FeS + 20, — Fe?t + S0%~

CdS + 20, - Cd?* + S02-

(CH,0)106(NH3)16(H5PO,) + 424Fe00H + 848H* — 106C0, + 424Fe?* + 16NH; + H5PO, + 742H,0
(CH,0)106(NH3)16(H5PO,) + 53502~ + 53H* — 106C0, + 53HS™ + 16NH; + HyP0, + 106H,0

Fe?* + HS™ — FeS + H*
Cd?* + FeS — CdS + Fe?*

2AEH sRBHASEX| MR H55, 2008
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Table 2. Key hiotic/abiotic reaction parameters used in the simulation

Parameter
Maximum specific growth rate [year™!]
Electron acceptoris O,
Fe(1II)
SO~

Threshold concentration for indicator xes [UM]
0O,
Fe(II)
eV

Half-saturation constant [puM]
Organic carbon
Fe(ITT)
SO~

Second-order rate coefficients for the reactions
Fe®* oxidation by O,
HS’ oxidation by O,
FeS oxidation by O,
CdS oxidation by O,
FeS formation

CdS formation

Value Values in literature®™®
0.1 43 X 10"~ 4.0
0.032 50 X 104 ~32 x 107
0.017 1.7 X 102~ 1.8

0.5 0.5

90 5.0~90

15 15

100 20~ 100

1 1~2

10 10

2.1 X 10! 2.1 % 10

2.0 X 10" 2.0 x 10"

3.0 < 107 3.0 X 107

3.4 < 107 -

3.65 X 10 3.65 % 107

3.65 %< 10* -

(1) Smith and Jaffé (1998); (2) Abrams and Loague (2000); (3) Jaffé et a. (2001); (4) Wijsman et al. (2002); (5) Wang et al. (2003)
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. 1 3 Z
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2

(11)
if (2>3Zn;,) then V(Z) = Vi (12)
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Table 3. Conditions used in the mode simulation

Domain length [cm] 80
Infiltration velocity [ﬂ] 15.0
yr
Porosity 0.6
Oxygen load in the rhizosphere [%] 780
irati o 250
Evapotranspiration [ - ]
N 2
Molecular diffusion coefficient [cylr]
Fe" 226.74
SO.* 545.57
HS' 337.44
cd” 226.11
Concentration in the surface water [W;OI]
0, 150
Fel+ O
S0 500
HS” 0
cd* 50
Initial concentration [:l:nzl]
FeS 100
CdS 10

* Li and Gregory (1974)

N
o

Depth [cm]

30

® May_6 (Measured Data)
O June 28 (Measured Data)
40 F —— May 6 (Simulated Data)
e June 28 (Simulated Data)

0 2000 4000 6000 8000

Concentration [umol / L]
Fig. 1. Comparison of sulfate profiles between simulated

results and field measurements. Measured data were
obtained from Choi et d. (2006).
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