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Application of a Numerical Model for the Prediction of Vertical Profiles of Electron Acceptors
Based on Degradation of Organic Matter in Benthic Sediments

Jung Hyun Choi - Seok Soon Park '

Department of Environmental Science and Engineering, College of Engineering, Ewha Womans University

ABSTRACT : A one-dimensional numerical model was developed to simulate vertical profiles of electron acceptors and their reduced
species in benthic sediments. The model accounted for microbial degradation of organic matter and subsequent chemical reactions of
interest using stoichiometric relationships. Depending on the dominant electron acceptors utilized by microorganisms, the benthic sediments
were assumed to be vertically subdivided into six zones: (1) aerobic respiration, (2) denitrification, (3) manganese reduction, (4) iron
reduction, (5) sulfate reduction, and (6) methanogenesis. The utilizations of electron acceptors in the biologically mediated oxidation of
organic matter were represented by Monod-type expression. The mass balance equations formulated for the reactive transport of organic
matter, electron acceptors, and their corresponding reduced species in the sediments were solved utilizing an iterative multistep numerical
method. The ability of model to simulate a freshwater sediments system was tested by comparing simulation results against published data
obtained from lake sediments. The simulation results reasonably agreed with field measurements for most species, except for ammonia.
This result showed that the C/N ratio (106/16) in the sediments is lower than what the Redfield formula prescribes. Since accurate
estimates of vertical profiles of electron acceptors and their reduced species are important to determine the mobility and bioavailability of
trace metals in the sediments, the model has potential application to assess the stability of selected trace metals in the sediments.
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Fig. 1. Dynamics of chemical constituents in sediment-water
system.
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Fig. 2. Sequential utilization of electron acceptors in benthic
sediments.

2. 24

Bl

{0

21, BEIA

HAZqA dojve AEINFH] gES TAZFH
g9 2BH7|E (Particulate Organic Matters)o] 7t
8] ¥k-&-(Hydrolysis)o] U} @& wH-g(Fermentation)& F3) &4
Fo| HWF H& L=4{7)E(Dissolved Organic Matters) 2
BaHe HPozig AZEh HEEANH v A
E3ed wtgEd 4E2E49 £F 9 24, &4, 4
(Precipitation), Z&}3 -G8 EF9 EFFd m 987}
2 v gE gkgo] glon, of MEEL HAEY Fiol2
FZ(pH)9t A (EN] NEHA Wit g5 F
AEAA Fho2EEY F3F E¥Xs WVt 27 g
22, E dFNMe HFEY AsEdE g WA T
AEY {718 Zool B2 AReLA S a8 £
A AP FAEZDY 733 EXE AEHo|H 3
Z SRtk B2 o] Rd2 HIEW EFFEAA COvt
CH: 59 71A4d 39 AYAFE AYgd 7 EHE
A B9k

HA B A4de ndEo] AR FEAE ol &5t F
1&g Edste WSES FE(Stoichiometry)H o2 EH
2 4 3(Table 1), o] ¥g2e AR {71E £39
3}5t2] 2 Redfield (1958)0 9Jsted At= ot

EdAL A&HE Edo] AFYEAR (ie, Organic Matter,

.

Rl

—_



¥y #7118

Table 1. Biogeochemical reactions included in this model
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Layer

Stoichiometric relationsthips

NH +20, > NO; +H,0+2H"
2Mn** +0,+2H,0—2MnO, +4H*
4Fe™ +0, +6H,0 — 4FeOOH +8H*
HS™ +20, - SO +H*

CH,+20, - CO, +2H,0

(CH,0),4(NH, },s(H,PO,) +1060, —> 106CO, +16NH, + H,PO, +106 H,0

2 (CH,0),0(NH, i (H,PO,) +84.8NO; +84.8H" —106C0, +42.4Fe* +16NH, + H,PO, +148. 4H,0
3 (CH,0),05(NH o (H,PO,) +212MnO, +424H* —106CO, +212Fe® +16NH, + H,PO, +318H,0

4 (CH,0),0(NH ), (H,PO,) + 424FcO0H +848H" — 106C0, +424Fe’* +16NH, + H,PO, + TA2H,0
5 (CH,0)10(NH,, },4(H,PO,) + 53507 +53H " — 106C0, +53HS™ +16NH , +H ,PO, +106H 0
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Table 2. Conditions used in the model simulation

Area C loading rate [mmol/(m’ - day)] 70
Porosity 0.92

Tortuosity 12

Surface Concentration [ zzmol/L]

0, 230

NO; 25

NH," 80

Fe2+ 0

SO 135

HS 0

CH; 0

* Diffusion coefficient (at 257C) is obtained from Li and Gregory
(1974)

2eHge e £2 A% W3 5L 9%

FAEd 4& 155

Table 3. Key biotic/abiotic reaction parameters used in the
simulation at 20C

Parameter Value
Maximum reaction rates Aerobic respiration 0.03
[day"] Nitrate reduction 0.005
Iron reduction 0.0001
Sulfate reduction 0.04
Methanogenesis 0.0004
Half-saturation constant  Aerobic respiration 20.0
[mmol/L] Nitrate reduction 20.0
Iron reduction 200.0
Sulfate reduction 20.0
First order reaction Mn®* 0.01
[day™] Fe*' 0.01
H:S (HS) 0.01
wrest 4= 20CA 10 mmol/LE Hb\?} #e 7HAe
Aoz pafa Y. &3 A+E A9 e 2d
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Fig. 3. Comparison between simulation results and field mea-
surements.
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