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Model Development on the Fate and Transport of Chemical Species in
Marsh Wetland Sediments Considering the Effects of Plants and Tides

Park, Dohyun * Wang, Sookyun*
Department of Energy Resources Engineering, Pukyong National University

Abstract

Wetlands can remove organic contaminants, metals and radionuclides from wastewater through various biogeochemical
mechanisms. In this study, a mathematical model was developed for simulating the fate and transport of chemical species
in marsh wetland sediments. The proposed model is a one-dimensional vertical saturated model which is incorporated
advection, hydrodynamic dispersion, biodegradation, oxidative/reductive chemical reactions and the effects from external
environments such as the growth of plants and the fluctuation of water level due to periodic tides. The tidal effects causes
periodic changes of porewater flow in the sediments and the evapotranspiration and oxygen supply by plant roots affect
the porewater flow and redox condition on in the rhizosphere along with seasonal variation. A series of numerical
experiments under hypothetical conditions were performed for simulating the temporal and spatial distribution of chemical
species of interests using the proposed model. The fate and transport of a trace metal pollutant, chromium, in marsh
sediments were also simulated. Results of numerical simulations show that plant roots and tides significantly affect the
chemical profiles of different electron acceptors, their reduced species and trace metals in marsh sediments.
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Fig. 2. Variation of seasonal factor over 2 years (assume minimum
F(#) = 0.2 in winter season).
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Fig. 4. Variation of infiltration velocity due to tidal effects.
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Fig. 5. Conceptual variation of infiltration velocity along the
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Table 1. Molecular diffusion coefficients of dissolved species

Species Value (cm?/yr)
0, 712.8
NO3 605.9
NO; 707.2
crt 222.7
Fe?* 222.7
NO;~ 545.6
HS™ 543.9

(DiToro, 2001)
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Table 2. Physical and transport parameters used in the simulation. RoJElal, £XAF] AT niElo 2 Az EFE
Parameters Value oA dojul= B Asy HEE Aoz HXMs)
domain length [cm] 20 1A} 33k
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X E[NE L 23| 2
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depth of rhizosphere [cm] 10 TS B3-S o] 83l 29 AAe] Jgfo] e E
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Table 3. Biogeochemical reactions included in this model

Layer
(CH,0)106(NH3)16(H3PO4) + 1060, — 106CO, + 16NH; + 106H,0
NO%+ 20, — NO5+ H,O + 2H*
1 2Fe*" + 0,+ 10H,0 — 4Fe(OH);+ 8H*
HS +20,—>S07+H'
FeS + 20, > Fe*' + SOf"
2 (CH,0),06(NH3),6(H3PO,4) + 84.8NO3 + 84.8H" — 106CO, + 42.4N, + 16NH; + H;PO5 + 148.4H,0
3 (CH,0),06(NH3),6(H3POy) + 424FeOOH + 848H" — 106CO, + 242Fe*+ 16NH; + H;PO; + 318H,0
Fe(OH); + H,S + 4H" — 2Fe*" + 8%+ 6H,0
4 (CH,0),06(NH3),6(H5PO,) + 141 3CrO% + 706.5H" — 106CO, + 141.3Cr** + 16NH; + H;PO; + 459.2H,0
3CrO§’ +2FeS + 9H20 —> 4[Cr0_75F30_25](OH)3 + Fe2++ 520%7"" 60H"
5 (CH,0),06(NH3),4(H3PO,) + 53S0;™ + 53H*— 106CO,+ 53HS™ + 16NH; + H;PO;+ 106H,0

Fe?"+ HS™— FeS + H*

(Choi et al., 2006)
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Fig. 6. Simulated concentration profiles of electron acceptors and
reduced species in wetland sediments without considering the
effects of tides and plants (r=3.725 yrs.).
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Fig. 8. Simulated concentration profiles of reduced species at different depths in marsh wetland sediments over 4 yrs.
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