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Connections in elemental cycles often lead to multi-
dimensional, non-linear feedbacks both on the cycle of interest
and other cycles
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Model Structure

Piseied 110, C|N| [NH, NO, 50,2+ Fe2*

solutes

Measured distribution from 5 years of surface and piezometer
samples from coastal North Carolina wetland.
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0, CIN| |NH/ NO.- 50,2+ Fe2t
0, CIN| [NH NO.,- SO,2*

Michaelis-Menten Uptake: U_= [C] X W, / ([C]+K)

Average W, and K, from Piel and Gaudy,
1971, Appl. Microbiol., 21 pp. 253-256
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e 1
Microbial Process Reaction AGy

(kJ)
Aerobic organic carbon CHO + QA CO+ HO 502
- oxidation \
~_ Denitrification: L
| Nitrate reduction CHO + 2NOQA CO+ 2NQ + HO -354 /
I Nitrite reduction CHO + 2N@+ 2HA CQ+ NO + 2D 481 7N
& Nitrous oxide reduction CHO + 2BDA CO+ 2N+ HO 710 £
Nitrification:
Ammonium oxidation  O,+ 2/3NEt A 2/3NQ + 4/3H+ 2/3HO -183
Nitrite oxidation O,+ 2NQ A 2NQ -148
Methanogenesis CHOA 1/2CQ+ 1/2CH 93
~ Methane oxidation O,+ 1/2CHA 1/2CQ+ HO -409

Dissimilatory nitrite

reduction to ammonium
Anaerobic ammonium N
oxidation NH*+ NQA 2HO + N -358
Sulfate reduction CHO + 1/2S@ + 1/2HA 1/2HS+ CQ + HO -104
Sulfide oxidation O,+ 1/2HSA 1/2SQ?+ 1/2H -398
Iron reduction CHO + 4Fe(Ok) 8HA 4Fe?+ CQ+ 11HO 232
lron oxidation 0, + 4F&?+ 6HO A 4FeOOH + 8H

CHO+ 2/3ND+ 4/3A CO + 2/3NH4+ 1/35D0  -319




Model Structure
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Important Assumptions:
-Energy yields static. Standard free energy at pH =7.

-Energy requirement (biomass maintenance; heterotrophic growth; chemoautotrophic CO,
fixation; methanotrophic growth). Tijhuis et al. 1993. Biotechnology and bioengineering 42:509-19.

-Chemoautotrophic growth rates (CO, fixed per mol ED; CH, growth per mol ED for
methanotrophs). Heijnen and Van Dijken. 1992. Biotechnology and bioengineering 39:833-58.




Model Structure
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i Microbial assemblages will use the suite of metabolic
pathways that maximize microbial growth.

Assimilation

& turnover

Microbial

biomass C N




Model Simulations

A Model implemented in linear programming (LPSolve) with Monte
Carlo wrapper (Java)

A 10,000 values for each solute based on distributions from coastal
NC wetland across range of DO concentration (0 — 10 mg/ L)

A >300,000 single time step model runs
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: Exar'rkp\%g of model simulation results

Aerobic Processes Anaerobic Processes
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erived trace gas production
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I\/Iodel generated hypotheses
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Redox Ladder Hypotheses:

1. CH, decreases because sulfate reducers outcompete methanogens.
2. CO, increases because sulfate provides new source of electron acceptors to sulfate reducers.
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Summary

a1 CH,: In the model, field, and lab CH, emissions
decrease EXCEPT high salt concentrations in the lab

' 2. CO,: In the model, CO, emissions increase. Field
results are inconclusive. Laboratory CO, emissions

decrease.



nal drivers and next steps
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- | AVH,* released from sediments b
. DOC flocculation 2
™+ Hydrologic: Wet v. Dry =
~ Biological

Auctual free energy vyield.

Alovel pathways (AOM, AOS).

ACarbon breakdown (fermentation).

ACompetition for H, (hydrogenotrophic methanogenesis).
Astress.
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Mean Energy Yield (kJ / mol C biomass)
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Model simulations
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S1:C, N, and O.

S2: DNRA &
Annamox.

S3: S and Fe.



