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*Conitols of theifemporal andispatial dynamics of POM and
DOM in'theupper and lowerdVississippi River (MR)

*Sources and tianspoirot terrestrially-derivederganic carbon
along the coast

*Rates and Efficiency Organic Matter Diagefiesis in Mobile
Muds

*Rapid Transport of Labile Shelf-Derived Organic Matter to
the Mississippi River Canyon
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River-Dominated Ocean Margins
(RiOMars)

Most of the terrestrial materials
(organic carbon, macronutrients,
micronutrients, major/minor
elements, mineral matter)
transported to the oceans enter via
these margin environments




Rivers and Coasts are regions of high population density

» By 2025, ~ 75% of world’s r
population will live in the
coastal zone

» Most of the remaining 25%
will live near a major river

| not populated
less than 1
1-10
10 - 25

I 400 - 800
I oreater than 800
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Large River Delta-Front Estuary (LDE)

A. Tidal Channel
TIDAL B. Salt Wedge
umt A g C. Distributary Mouth Bar
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D. Turbid River Plume
F. Mobile Mud Belt

Figure 2. Regional geomorphogical boundaries and associated sedimentary deposits within an

LDE.

Bianchi and Allison (2009) PNAS
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The World’s Twelve Largest Rivers

Sediment Discharge Water Discharge
River Discharge (10°ty™) River Discharge (10° m®y™)

1. Amazon 1000-1300 1. Amazon 6300
2. Yellow (Huanghe) 1100 2. Zaire 1250
3. Ganges/Brahmaputra 900-1200 3. Orinoco 1200
4. Yangtze (Changjiang) 480 4. Ganges/Brahmaputra 970
5. Irrawaddy 260 5. Yangtze (Changjiang) 900
6. Magdalena 220 6. Yenisey 630
7. Mississippi 210 7. Mississippi 530
8. Godavari 170 3 Lena 510
9. Red (Hunghe) 160 9. Mekong 470
? 0. gﬁﬁggﬁ 128 9. Parana/Uruguay 470
11 P 10. St. Lawrence 450

. Purari/Fly 110 11 4d 430
12. MacKenzie 100 - ITawaddy

12. Ob 400



The Mississippi River and its Tributary Drainage Basins
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Atchafalaya
By,

4
Mississippi
“Bird Foot™

Delta

Gulf of Mexico

1 Sale - Cypremont 3 St Bernard 5 Plaquemine
4600 years BP 2800 - 1000 years BP 750 - 500 years BP

2 Teche 4 Lafourche 6 Balize
3500 - 2800 years BP 1000 - 300 years BP 550 years BP

Day et al. (2007), as modified from Boyd and Penland (1988)
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Historical Changes 1n the Suspended Particulate
Matter and Nitrate Concentration in the Lower MR

Mississippi River at Tarbert Landing, MS
(USACE data)

1950 - 1999

{averages computed: October - Saptember)
nd L 1 I 1

I | M | L
18540 1560 14870 1940 1860 2000

SPM concentrations decreased
from 800 mg L-! in 1950s to
250 mg L-! in 1990s due to
dam construction in the upper
river.

. Range of Nitrate Concentrations
- at St. Francisville, LA — 1995—2003

Nitrate as N in mg/L

Average nitrate concentrations
increased from 0.6 to 0.7 mg L-! in
1950s to the present level of about
1.5 mg L-! because of utilization
of chemical fertilizers.




Bohai Sea-

A

Yellow Sea

Legend
East China

w1 billion m' reservoir i, F ¥l -’ = o
Dissolved oxygen o . - Seq

. < 2mo

- < 3Imgf e | : ) ,I e
. < 3.5 mg/| . _ - . - EGM

(Chai et al., 2006; Chen et al., 2007; Li et al., 2002)
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Controls on Temporal and Spatial
Dynamics of POM and DOM 1n the
Upper and Lower Mississipp1 River




Temporal Sampling

Major river systems in the United States
The Mississip is the Naffon's mosf important walerway

Mississipp1 River Sampling : Sept.2001-August 2003
Duan and Bianchi (2006)




Discharge Patterns of Mississippi,
Ohio, and Missour1 Rivers

Discharge
I Ohio
Upper MR
Missouri
‘ —— Precipitation_ohio
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Duan and Bianchi (2006)



Phytoplankton
Abundance in
Primary Tributaries

of the MR

(EPA-EMAP, 2004)

Likely due to export
of phytoplankton
biomass from
backwater reservoirs,
navigation locks, and
wetlands of tributaries
during high-flow
periods. Duan and
Bianchi (2006)
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Particulate Organic Carbon and Chlorophyll-a

ASONDJFMAMJJASONDIJFMAMIJA

Table 1 Comparation of Chl-a cancentration in MR, PR with other aguatic systems
Hange (uh) Average(uM) Source

Lower Mississippi 08 -2346 7.1 This study

Pearl 08 -107 3.4 This study

Colurmbia (USA) 1.1-222 Sullivan et al. 20071 . )

Chio (USA) 1.1-177 Sellers and Bukaveckas, 2003 Duan and BIanChI (2006)
ME Flume 044 -31.1 Wysocki, et al., 2005

Lake Pontchattrain (T 0.2 -77 Bianchi and Argyrou, 1997

Plumes in Baltic Sea Wasmund et al., 1999

Suwannee (T5A4) = (.1

LAmaron 0.17-2.38 Saliot et al., 2001




Phytoplankton Composition

Mississippi River Pearl River
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Duan and Bianchi (2006)




High-Molecular Weight (> 1 kDa) (colloidal) and Low

Molecular (< 1 kDa) Organic Carbon

35,000 35,000
HMW DOC d
30,000 | | —e—LMW DOC 400 _ 30,000
- 150 B~ 0 =
o 25,000 1 500 = [l o 5000 =
E K 500 =
£ 20,000 | 250 & Wl E20000 =
> =0 g L 400
= 15,000 | 200 2 ='15,000 | =
S L 150 = <= 300 =
210,000 | | =
5 0= ff 30 200 ©
5,000 | 50 T 5,000
o+ 7777777770 O e o B L B e e B e B e o S N L A e e
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---2001--- 2002 2003 2001 2002 2003

HMW DOC: 82 + 26 uM; 25 +
6%; LMW DOC: 236 + 45 uM; Duan et al. (2007)

7527 %

Mean molecular weight in the MR was lower than expected based on other studies.

However, this is consistent with size continuum concept (Amon and Benner, 1996)
whereby In-situ processing decreases OM size. Tilling activity in agricultural

watershed blocks formation of large molecules (e.g. humic substances) producing more
LMW DOM in runoff (Dalzell et al., 2005).



Carbon Functional Groups

-0 - Glucose

R “NOH aromatic

aldehyde ketone  carboxyl







Lignin Biomar

CuO oxidation products

Vanillyl compounds Syringyl compounds
CHO CHO

vanillin @ syringaldehyde
OCH, CH,0™ OCH;

CO,H COH

syringic acid
OCH, CH;0" Y "OCH,
H OH

vanillic acid

COCH, COCH;
acetosyringone
OCH, CH,;0 OCH,
H OH

acetovanillone

Cinnamyl Compounds
HC=CHCO,H HC=CHCO,H

OCH,
OH OH

p-coumaric acid ~ ferulic acid

TMAH thermochemolysis products

Vanillyl compounds

G4 G5
CHO COCH,

OCH,4 OCH,
OCH, OCH,

G6 G7/G8
CO,CH,4 HC=CHOCH;

OCH, OCH,
CH, OCH,

CHOCH;

CHOCH,
G14/G15 (ocy,

OCH,
OCH;

Syringyl compounds

S4 S5
CHO COCH,4

CH,0 OCH, CH,0 OCH,
C OCH,

3

S6 S7/S8
CO,CH, HC=CHOCH,

CH,0 OCH, CH,0 OCH,
OCH; OCH,

CHOCH,

1
CHOCH,
S/S15  Cyocn,

CH,0 OCH,
CH,




BC-NMR and Lignin Analysis of HMW DOM

Carbon Functionality of HMW DOM

a —a— Aliphatic C

Lignin Phenol of HMW DOM

—a— Lignin (8)
—e— Lignin (6)

—o— Carbohydrates
—=— Aromatic C

ASONDJFMAMIJJASONDIJFMAMIJA
2003

—=— Anomeric C
—e— Ketones and Carbonyls

Duan and Bianchi (2006);
SILTIRLIEERRRERERE A Duan ct al. 2007)
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Neutral
Amino Acids -
Aliphatic -
R-groups

Glycine (Gly)

Alanine (Ala)

Amino Acids as Tracers of Dissolved Organic Nitrogen (DON)

H

0
H N*—cl—c//
3 | N

H 9
EAN
CH; CH;
Valine (Val)

Leucine (Leu) Isoleucine (lle)

Aromatic

H
0
H N*—cl—c//
3 i ~
CH,

H
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H;NLC—C/
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Hy ©
NH

HaCs, CHz
CH,

Imino
Acids

o C
Amino Acids @ @

Phenylatanine (Phe)

Tryptophan (Trp)

Tyrosine (Tyr) Proline (Pra)

Serine (Ser)

Threonine (Thr)

Cysteine (Cys)

] Neutral
Amino Acids with Hydroxyl
and Sulfur containing
R-groups

H
0
H N*—lc—c//
3 i N
Fe ©
C

N
Nf, O

Asparagine (Asn)

Aspartic Acid (Asp)

Acidic Amino Acids
and Their Amides

BN
o O
Glutamic Acid (Glu)
H
H N*—lc—c//o
TNy
Ik
CH;
|
AN
NH, O

Glutamine (Gln)

C=NH;
MH;
Lysine (Lys) Arginine (Arg) Histicline (His)
Basic
Amino Acids




Amino Acids and Bacterial Activity

Mississippi River . .
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Stable Isotopic Composition of HMW DOM

C and N Stable Isotopic Composition of HMW DOM

Delta1l3C_HMW DOM

Delta'®C (%)

Deltal5SN_HMW DOM

1 1 1
T S
o N N

(o0}
Delta'®N (%)
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Compound-Specific Isotopic Analysis
(CSIA) HMW DOM lignin

Sampling Date  Vanillin Syringic_acid

Aug. 1998 242+ 1.5 299+ 1.2
Oct. 1998 -25.6 1.2 -29.5 £ 0.8
Mar. 1999 -24.6 £ 1.8 -30.0x 1.1
Apr. 1999 253+ 1.7 -29.7 £ 0.6




June 20-24, 2003 Spatial Sampling

Arkansas

90°

Mississippi River

Mississippi ™

35,000

30,000 - Discharge  m R.Ohio Upper Mississippi | R. Missuri -
a N -2 % 60 miles
25,000 /60 km —
£ 20,000 | Jackson
D
o>
= 15,000 1
510,000 | J R
a .

5,000 - lll onticello

0
'm Columbia
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During June 2003, a period of Louisiana
mid-level discharge (17,400 Franksville®
m s!), a parcel of water in
the lower Mississippi River 30° River:Mile 225
was sampled every 2 h during 3]3
its 4 d transit from river-mile '\Eﬁ-;:?“”?
225 near Baton Rouge, '
Louisiana, USA to river-mile Gulf af Mesid
0 at Head of Passes,

Louisiana, USA.

Baton Roug
Saton Bovosih,
L

Dagg et al. (2006)



Transect of Chlorophyll-a and Dominant
Carotenoids 1n lower MR

Chl-ain Lower MS River

r?2 = 0.7604

English Turn
Head of Passes

0 5 10 15 20 25 30 35 40 45 50

Stations

Phytoplankton Assemblage in the Lower MS River Phytoplankton Assemblage in the Lower MS River

—e— Cryptophytes
—a— Cyanobacteria

—m— Diatoms
—e— Chlorophytes

% of biomass
% of biomass

0 5 10 15 20 25 30 35 40 45 50

Stations

0 5 10 15 20 25 30 35 40 45 50

Stations

Dagg et al. (2006)




DOC 1n the Mississipp1 River From Headwater
to Head of Passes

USGS Data Jun-Jul 91

Jun-03
Confluence of Sep-Oct 91
Missouri River Mar-Apr 92

Confluence of Ohio River

This stud

1200 900 600

Distance from Head of Passes (river mile)

Duan et al. (2007)
DOC gradually decreases, most of the decrease occurred in upper MR (by

30-48%), very little (6-8%) in lower river

Large decrease in DOC below the confluence of the Missouri River and
Ohio River, likely from dilution effect and In-situ processing




Are dissolved and particulate
constituents transformed 1n lower
MR 1n the presence of the salt wedge

during low discharge stages?
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Seismic data used in open
source code 3D models,
such as the Finite Volume
Coastal Ocean Model
(FVCOM - Chen et al.,

Time: 12:00

Bed
Elevation
{m - NAVDSS)




Recharge of
dissolved
porewater

constituents in
lower Mississippi
River sediments

McKee et al.
(unpublished)
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Porewater concentrations of diagenetic products at a
lower river location collected before (May) and during
(November) a depositional period




Biogeochemical Dynamics at the Salt Wedge

Flow Convergence Zone (FCZ)

Riverine Algal and
Watershed Terrestrial
POM/DOM

Admixture and .. - Injection of
Transformation of ; » Transformation
r

°fe chd 0 Products

ithin ITBL
b f ITBL

Resuspension and
f( Advection of

OMurine POM/DOM Reaggregation of i Abrasmn and Dlageneﬁc Products
Particulate Transformational | Sorting within |TB|- :

Products '{E . wx \

- L T S

ITBL — Intensely turbulent boundary layer




Photochemical Breakdown of Lignin
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Mean Global Fluvial Loadings of Organic Carbon to the Oceans

Reference DOC POC TOC

Smith and Hollibaugh (1993) 164 197 386

Units = 10! mol C yr*!

Mean Annual Fluvial Loadings of Organic Carbon from
the Mississippi River

DOC POC TOC

3.0 (62%) 1.8 (38%) 48

Global Percent: ] 0.9

Units = 10! mol C yr!

Bianchi et al. (2004, 2007)




Diversity and Magnitude of Organic
Matter Sources and Loading




Nearshore diatom
sources?

Chlorophyll-a

Fucoxanthin

Wysocki et al. (2006)




Coastal Wetland Inputs

£
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®
-
5

*—e—2 Net loss with projected gain
® =0~ & Total loss without projected gain

Barras et al. (2003)

Chen and Gardner
(2004) reported
significant outwelling
of chromophoric
dissolved organic
matter (CDOM) from
wetlands




Bedforms Incised Area
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Galler et al. (2003)

Radiocarbon
ages of this
peat material
ranged from
2,140 to 4,210
yr BP 1n to
32,580 yr BP in
Pleistocene
clay layers
below.




Rates and Efficiency Organic
Matter Diagenesis in Mobile




B Bi"‘“"’:‘&d 2“:"?_ C. Bioturbated, Seagrass. or Mangrove
Steady Accumulation Steady Accumulation

D. Highly Mobile Zane E. No Accumulation F. Permeable Exchange Zone
Unconformable Erosional, Re-eguilibrium {Sands)

Aller R.C. (2002) - modified by McKee et al. (2003)




ADCP (Waves and Currents)

Mobile/Fluid

Coherent Doppler Array
(Velocily profiles through

mud layer and overlying water,

(Traykovski, 2000)

Gamma Ray
Detector . r \
(Fluid Mud Density} Fluid Mud Laye

aficor | Acoustic Backscatter Sensor (ABS)
Electromagnetic Current Meter (EMCM)
Acoustic Doppler Current Profiler (ACDP)

(onmfidmcd Mud Se

a) ABS Huid Mud Image 1/19, 15:00 b) AB5 Fluid Mud Image 1/20, 7:00

EMCM Velocity (cm/'s)
EMCM Velocity (cm,'s)

100 120 140 100 120
Time (secs) Time (secs)

Sediment Concentration (g/l)
1 10 300

suspended Load Fluid Mud Stationary
Bottom




Corg/ Surface Area (mg m?)

% Corg preserved

Normal Marine

Low O BW

Euxinic afd semi-Euxinic
Amazon delta (marine C)

Amazon delta (terrestrial C)
Mississippi delta (marine C)
—ll— Mississippi delta (terrestrial C)
—sf=— Changjiang delta (terrestrial C)
—@— Fly delta (terrestrial C)

| n PR Il

0.001 0.01

Net sediment accumulation rate (g cm

0.1

1
-2 yr -l)

Global Incineration
Zone

=

B terrestrial
[] marine

l__l__|

Rivers

Delta Mobile mud Nondeltaic

topset banks

Upwelling Deep

shelf margin /anoxic Pacific

Diagenesis 1n
Mobile Muds

Aller (1998)

Aller and Blair
(2006)
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accumulation rates (right) (from Liu et al., 2006, 2007).
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TABLE 2. Community biomass at the location studied (Fig. 1). Number

Louisiana Shelf Benthos

of replicates are in parentheses.

Sites and Dates

Macrofauna

(g Cm™?)

Meiofauna
(g Cm™)

Bacteria
(g C m™? 8 cm depth)

Total Biomass
(g Cm™3)

July 1991

C6A (1)

C6B (1)

Cc7 (1)

D2 (1)

Mean biomass
April 1991
GC1
4

CO6A

D2

Mean biomass
August 1994

1

2

3

4

C6B

Mean biomass

0.38 =

0.23
0.01
1.24

0.49 =

0.19
0.20
0.11
0.12
0.04
0.15

0.68
0.16
0.56
0.11
0.29

+ 0.62 (4)
+ 0.01 (3)
+ 0.7 (3)
0.49 (1)
0.54

0.18 (3)
0.18 (3)
0.07 (3)
0.1 (3)
0.01 (3)
0.1

I+ 1+ 1+ 1+ 1+ 1+

1.1
0.45
0.76
0.21

* 0.34

+ 0.08 (2)
+ 0.51 (2)
+0.3 (2)
* 0.03 (2)
+ 0.23

2.67
7.12
30.49
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tion of the sites studied.

Map of northern Gulf of Mexico showing the loca-

Rowe et al. (2002)




Benthic Macrofaunal Succession

oxidized

anaerobic AR sediment

sediment

Disturbed — Normal

Zajac (2001)



Ad/Al ratios in surface sediments
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Chlorophyll a in surface sediments (ug/g dry wt)

LT T T

5 28404 28.40.]
.90.50 .89.00  -90.50

April October
range: 0—2 ug/g range: 0— 12 ng/g  Wysocki et al. (2006)
mean: 0.44 = 0.09 mean: 1.75 £ 0.67




Co-metabolism: the set of processes whereby refractory
organic material (e.g. terrestrial OC) 1s broken down more
efficiently when mixed with labile material (e.g. marine
OC),via higher microbial turnover rates

Lohnis (1926); Canfield (1993); Aller (1998)




Rapid Transport of Labile
Shelf-Derived Organic Matter
to the Mississippi River




Rapid Export of Organic Matter from the shelf to the Mississippi Canyon
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Historical Records of Hurricane in LLouisiana
Shelt Sediments
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Effects Hurricane Lili on Organic Matter Distribution
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