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Figure 1. The relationship among oxygen-consuming and anaer-
obic benthic processes. Aerobic respiration and chemosynthesis are
both oxygen-consuming processes, but the latter is accompanied by
carbon dioxide uptake while respiration produces carbon dioxide.
Oxidation of sulfides, ferrous, manganous, etc., by chemosynthetic

organisms has not been distinguished from abiotic chemical oxida-
tion.

Pamatmat (1986). Problems with empirical models of sediment oxygen demand.
Sediment Oxygen Demand. Processes, Modeling and Measurement. K. J. Hatcher.,
Institute of Natural Resources, University of Georgia, Athens, GA.: 23-37.




TABLE 1. Oxygen-Consuming Processes in Sediment and
Environmental Variables that Affect Sediment Oxygen Uptake

Oxygen-Consuming Processes

Environmental Variables

Biological Oxidation

Aerobic Respiration
(CH,O)rl + CO,

Sulfide Oxidation
S2 w50 -u Szo§' > SOE-

Nitrification
NH,; » NO, » NO,

Iron Oxidation
+ +
Fe2" » Fel

Methane Oxidation

CH, » CH,0H » CO,
Abiotic Chemical Oxidation

S2° 5 soz”

Fe2 5 Fed'

Mn2* & Mn%*

Others

Oxygen Pressure
Temperature

Salinity

Light

Hydrostatic Pressure

Turbulence

Sediment Properties
Grain size
Organic matter content

Rate of Organic Matter Supply
Primary productivity
Sedimentation rate
Organic pollution

Chemical Pollution
Industrial
Agricultural
Domestic

Community Structure
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~ Figure 2. Curve summarizing present knowledge of SOD as an
integral of the different oxygen consuming processes.

Pamatmat (1986). Problems with empirical models of sediment oxygen demand.
Sediment Oxygen Demand. Processes, Modeling and Measurement. K. J. Hatcher.,

Institute of Natural Resources, University of Georgia, Athens, GA.: 23-37.



Sediment Flux Model
Sediment Diagenesis = Sediment Flux

e Flux of organic matter to the sediment is the
source

e Fluxes are proportional to the stoichiometry of the
decaying organic matter (Redfield stoichiometry)

(CH20)106(NH3)16(H3PO4)
Ratio of fluxes
SOD 106 (02)32 (gO2/mol)
NHsz 16 (N) 14 (gN/mol)

= 15.1 g0Os/g N

Organic carbon oxidized by O,
Ammonia conservative
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WATER COLUMN

ACTIVE SEDIMENT

Schematic of Sediment Flux Model

FLUX OF
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(3)
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(2)
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Decay of Organic Matter

The Role of Sedimentary Organic Matter
in Bacterial Sulfate Reduction:
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Sediment Diagenesis Model - Three G Model

 Diagenesis 1s the decay or decomposition of POM in the sediment
bed

* The SFM uses Berner’s 3G model framework, essentially splitting
the deposited POM into labile (G,), refractory (G,), and inert
(G3) pools

POC G, G, Gs

fooc 0.65 0.20 0.15

K iag (/day) 0.035 0.0018 0.0

1 “e-folding” (days) 28 555

2 (Temp correction) 1.10 1.15 0 Q10 = k(10)/k(20)

1.068 0.518
1.100 0.386
1.150 0.247

k10 = k20 62(-10)



POC Mass Balance Equation

dPOC,
H " = fpocl. Jpoc ~W,POC, —H 'kPOCl. HPOCZ-POCZ'
where
H = depth of sediment (10 cm)
POC. = concentration of POC 1n pool G,

fpoc; = fraction of deposited POC going to G,
Jooc = deposition rate of POC (g C/m?-day)
w, = burial rate of organic matter (m/day)
Kpoci = diagenesis or decay rate of POC,

2p0ci = temperature correction factor



SEDIMENT

Model of Sediment Loss by Burial
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Steady State Solution for POC Concentrations

dPOC,
H I == Jfroc,Sroc ~W,POC, —H “kpo, QPOCZ-POCZ'

e Rate of diagenesis

2
Jo = ZH kpoc Opoc, POC,
i=T

Solutions
G1 and G2 POC. = fPOCi JPOC
"k H +w,
frocJ
G POC. = POC,;Y POC
3 l

14%)



Magnitudes of the Parameters
Resulting Concentrations

G,and G, POC. =fPOCl.JPOC G, POC =fPOCl.JPOC
k,H +w, W,
What 1s the range in w,?
ocean bays-estuaries “high deposition”
w, (cm/yr) 0.001-0.01 0.01-1 1-10
G, G,
kH (cm/yr) 130 6.6 Burial << Diagenesis

From these coefficients  POC,; = {p5¢; Jpoc / kK H
Time to equilibrium: POC,. 3-4 months POC,. 5-6 years
POC; =40 years for w, = 0.25 cm/yr
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SEDIMENT

AEROBIC
LAYER 1

ANAEROBIC

LAYER 2

Ammonia Flux Model

WATER COLUMN

NH,4(0)

NH,4(1)

SURFACE MASS TRANSFER: K| g1
JN1

DIAGENESIS: PON ——» NHy
KNH4,1

REACTION: NHy — » NOj

DIFFUSION: K 12 *

JN2

DIAGENESIS: PON — NHy

REACTION: NONE




Aerobic Layer

Hld[NzI:(l)] = —knH,,1[NHa(1)] Hy

— K 01(INHa(1)] — [NH4(0)])
+K112([NHa(2)] — [NH4(1)]) + Jnz

Anaerobic Layer

., UANHa(2)]
T ar
—K112([NHa(2)] — [NHa(1)]) + I

e Hi and Hy = depths of the aerobic (1) and anaer-
obic (2) layers

e [NH4(0)], [NH4(1)], and [NH4(2)] = ammonia con-
centrations in overlying water (0),layers (1) and (2)

® kNH,,1 = nitrification rate constant in aerobic layer



Solution

0 = —knn, 1[NH4(1)]Hy
—Kio1(INHa(1)] — [NH4(0)]) + Jn1 + JIn2

Ammonia concentrations

Jn + K| 01 INH4(0
INHq(1)] = N L01[NH4(0)]
K01 + kNH,,1H1

INH4(2)] = % T [NHa(1)

where JN — JNl -+ JN2

Ammonia flux

JINH4] = K01 (INHa(1)] — [NH4(0)])

K
JINHq] = Jy —

K01 + ENH,,1H1
1
1 1
—INHg4(0
NHAO)] (7o + )

Lo1  kNH,1H1




e K| g1 = mass transfer coefficient between overlying
water and aerobic layer

e K|1» = mass transfer coefficient between H; and
Ho

e JyNi and Jyno = sources of ammonia layers 1,2 from
diagenesis of PON



Surface Mass Transfer Coefficient /| 55

Overlying
Water

Aerobic
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Figure 2: Schematic diagram of the idealized vertical pre

files of oxygen and ammonia.

J[NHa]

where

¢

d[NH4(2)]

dz o= 4)
[NH4(0)] — [NH4(H7)]

- H -
—Kio1,nw, ([NHa(0)] — [NH4(H1)])

—Dnp,

—Dnp,

Dy,
Hiq

K01,NH, =

surface mass transfer coefficient, Dy, = diffusion coef-

ficient



Surface Mass Transfer Coefficient K| 7

Similar argument for the SOD

d[O2(2)]
? dz z=0

[02(0)] — [O2(H1)]
2 Hl

— 02[0,(0)

= Ki01,0,([02(0)])

SOD = Dg

12

Dqg

where

Therefore
SOD
K — =
H01.02 7 10,(0)]

a measured quantity

S



Depth of the Aerobic Zone, and Reaction
Velocities

Need kNH4,1Hl

[02(0)] _ Do,
H — D p—
! 927 50D S
Reaction rate-depth product knp, 115

Do, kNH, 1
S

kNH, 1H1 =

Define reaction velocity

KNHg,1 = \/DOQkNH4,1
Ammonia flux

g2

1
1 S
J[NHa] = JN—5—75——[NH4(0)] ( + = )
$° 1 KNH,. 1 S KENH,. 1
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Fig. 3.5 Ammonia flux versus s = SOD/[O;(0)] for all stations and times in the Chesapeake
Bay data set.
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Nitrate Flux Model

WATER COLUMN

NO3(0)
NO5(1)
SURFACE MASS TRANSFER: K1
KNH4,1
o - SOURCE: NHy ——» NOj
Qn @
O uw
T > KNO3, 1
w3 REACTION: NOg ——» N(g)
>
& DIFFUSION: Ki 12 f
=
2 '
Ll
7p]
SOURCE: NONE
S«
O
L E NO3,2
Z REACTION: NOg — No(g)

Figure 1. Schematic model of nitrate model



Aerobic Layer

1 A0S(1)

= —kn0,,1INO3(1)]H:

— K 01([NO3(1)] — [NO3(0)])
+K12([NO3(2)] — [NO3(1)])

+S[NO3]
Anaerobic Layer
dINO3(2
H> | di( I —kNo5 2[NO3(2)] H>

—K12([NO3(2)] — [NO3(1)])

where S[NO3] = nitrate from ammonia nitrification



Solutions [NO3(1)] =

S[NO3] + HLm[NOB(O)]

1 1\
kNog 11 + Kpo1 + ( T )
3 knos2H2 K2

] K192
[N’Ug (2)] — [NO3(1)] 3 | &
ILND:{E + IXLIQ

where

KNO3.1 = \/DNoskNo; 1

o= (et )
NO3,2 :
3: KNOs2 KlL12

So that

SINO3] + s[NO3(0)
KiNO3,1/5 T S T KNoj3,2

K
[NO3(1)——H2
ANO3,2 T £AL12

[NO3 (2)]




Nitrate Source

S[NO3] = Jy + s[NH4(0)] — s[NH4(1)]
= Ji — s([NHa(1)] — [NH4(0)])
= Jn — J[NH4]

Nitrate flux

JINO3] = 5([NO3(1)] — [NO3(0)])

Solution
82
JINO3] = (H% T - s) [NO3(0)]
+< (I = JINHa) )
FNO4,1/5 T 5+ ENOs 2
Two parts

1. Due to overlying water [NO3]

2. Due to nitrification Jy — J[NH4]


Dominic Di Toro
Oval
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ANAEROBIC

SEDIMENT FLUX MODEL

PARTICULATE
ORGANIC MATTER

WATER COLUMN

DISSOLVED
FLUXES

Cdo
SURFACE MASS TRANSFER: Kig1 Cd1
Dissolved Particulate
- PARTITIONING: Cdi —~=— Cp
(1t
L
g REACTIONS: Kqi Kot
Bioturbation
PARTICLE MIXING DIFFUSION
f 2P KL 1o *
DIAGENESIS: Jjo. —» C1o
(o\
- PARTITIONING: Cgo —e—» Cp
n
3 REACTIONS: Kdo Kip2
SEDIMENTATION
i

;

BURIAL

1-10 mm

10 cm



Reactions

Diagenesis Partitioning Reaction
‘NH4 {PON-> NHy Small NHy4 + O3 ->
NOg3
NO3 NO3 + POC->
N2(g)
H>S |POC-> HsS {H)S <-> FeS(s)| HaS + 0g ->
FeS + Oy ->
PO4 | POP-> PO4 |PO4 <-> PIP(s)
|7t = F10,(0)]
Si PSi-> DSi | PSi <-> DSi kqiPsi
(DSI - Sigat)
SOD NHy4 + O ->
HyS + Og ->
FeS + Oy ->
Transport Mechanisms
Surface Mass Particle Mixing Diffusion
Transfer
KrLo1 W12 KL12
K101 = G1 Carbon, 0,(0), T
SOD / 0,(0) T




Distribution Between Particulate
and Dissolved Concentrations

Cq4 = bulk dissolved mg P / L water
Cp = bulk particulate mg P/ L water
m = particle conc. kg SS/L

dp = particulate conc. mg P/kg SS
dp = Cp/ m

Partitioning Model
q, = K, Cd

K, = partition coefficient (L / kg SS)

"Pie" = K,
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Mortimer Experiments 1941-1942
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WATER COLUMN PO40)

SURFACE MASS TRANSFER: Koy ¥ PO4(1)

PARTITIONING:

™~
PO, + FEOOH <«—» FeOOH=POy

AEROBIC
LAYER 1

PARTICLE MIXING DIFFUSION
* w2 K12 *

v '

DIAGENESIS: W
POP —» POy

SEDIMENT

PARTITIONING:

ANAEROBIC
LAYER 2

™
PO4 + FeOOH <«—» FeOOH=PO,

SEDIMENTATION
|

'

BURIAL

Fig. 6.1 Schematic diagram of the phosphorus flux model.



Phosphorus Flux Model

1[PO4(1 : . .
i T2 (180,011 - fuPOL(IY )
41012 { 1 p2 [PO4(2)]T - fpl [PO4(1 }]T}
+Kui2(fa2[PO4(2)]1 = far[POs(1)]r)
—wz[POsg(1)]r (6.1a)
1[PO4(2 : . —_—
HEE [ ;f{ }]T = —h'J]g('fpg[PDat{E}]T - pr[PD4“}]T.}

—Kr12(fa2[POs(2)1r — far[POs(1)]1)
+wy ([PO4(1)]1 = [PO4(2)]r) + Jp (6.1b)



H) and H> are the depths of the aerobic (1) and anaerobic (2) layers
[PO4(0)] 1s the dissolved phosphate concentration in the overlying water

[PO4(1)]1 and [PO4(2)]r are the total phosphate concentrations in layers 1
and 2

far.and fy» are the dissolved fractions in layers 1 and 2
fp1 and fp are the particulate fractions in layers | and 2

s is the surface mass transfer coefficient between the overlying water and the
aerobic layer

K112 is the mass transfer coefficient between the aerobic and anaerobic layers
w17 1s the particle mixing velocity between the aerobic and anaerobic layers
w3 1s the burial velocity

Jp is the source of phosphate from the diagenesis of particulate organic phos-
phorus POP

J[PO4] ~ Jp s fdi _ s

Ki 1- K1 '
sfar + w2 ( Lizfa1 + Sfdl) s+ w»H (Lﬂ)
Ki12 fa2 Kyi2fa2




The dissolved fg and particulate f, fractions are computed from the partitioning
equations

_ ¢

Ja= [E——; (5.2a)
__mimyi/¢

fo= [E— (5.2b)

where the solids concentrations are m| and m>, and the partition coefficients are 7 |
and 7, respectively. Note that the solids concentration partition coefficient prod-
ucts: myzw1 and momy determine the extent of partitioning. The concentrations of
dissolved and particulate chemical are obtained as products of these fractions and
the total concentrations Ct; and Cr».



m1 =m2(Ampo,,1) [02(0)] > [02(0)]crit, o, (6.19)

However, if oxygen falls below a critical concentration, [O2(0)] < [02(0)]eit,po,,
then

T = 7T2(A7TPO4,1)BPO4 [02(0)] < [02(0)]erit, POy (6.20)
where

oy, = [02(0)]
FO4 ™ 102(0) Jerit.po,

Eq. (6.20) smoothly reduces the aerobic layer partition coefficient to that in the anaer-
obic layer as [O2(0)] goes to zero.

6.21)
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SEDIMENT

AEROBIC
LAYER 1

ANAEROBIC

LAYER 2

WATER COLUMN Si(0)

SURFACE MASS TRANSFER: Kigq Y Si(1)

PARTITIONING:

|
Si + FEFOOH <«—» FeOOH=Si

PARTICLE MIXING DIFFUSION
* Wi2 KL12 *
+ Jpsi )
DIAGENESIS: PSi —» Si
ksiPsi
SOLUBILITY: Si <—» Sigy

PARTITIONING: .
Si + FeOOH <«——» FeOOH=Si

SEDIMENTATION
| ™

'

BURIAL

Fig. 7.1 Schematic diagram of the silica flux model.
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WATER COLUMN

HoS(0)
SURFACE MASS TRANSFER: Ki g1 HoS(1)
il
PARTITIONING: HoS <e—» FeS
9 ™
S g REACTIONS: HoS + 2 Op > HpSOy
€3 FeS + 9/4 Oy -> 1/2 FeyOg + HpSOy, - HyO
PARTICLE MIXING DIFFUSION
'—
& * Wi2 KL12 *
=
) + ‘
1)
n
DIAGENESIS:
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Fig. 9.1 Schematic diagram of the sulfide oxidation model.
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Example Computations
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Fig. 11.7 Computed SOD, sulfide, and methane flux as a function of the surface mass trans-

fer coefficient s (top and bottom rows), overlying water sulfate concentration [SO4(0)] (the
three columns), and carbon diagenesis J¢ (abscissa).
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Chesapeake Bay Ammonia Flux Calibration

~ Still Pd. R-64 R-78
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150
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Table 12.6 Yearly Average Particulate Organic Nitrogen Depositional Fluxes Jpon
2
(mg N/m~-d)

Station 1985 1986 1987 1988
Point No Point 66.6 61.3 34.1 50.0
R-64 114.2 110.0 50.0 110.0
R-78 F il e ) 2.2 30.0 40.0
Still Pond 57.0 80.0 474 30.0
St. Leo 64.0 47.1 72.3 57.9
Buena Vista 97.5 120.0 90.0 90.0
Ragged Point 75.0 125.0 40.0 30.0

Maryland Point 82.5 81.0 719 60.0
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Nitrate Source from the Overlying Water
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