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MATERIA ORGANICA EN EL
OCEANO. MATERIA
ORGANICA PARTICULADA
Y DISUELTA

*Flujos de material particulado
*Material organico disuelto
*Preservacion de materia organica
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Figure 1. a) Large-volume in situ pump used for collecting thorium-234 samples, photo courtesy of Ken Buesseler. b)
Recovery of benthic lander, photo courtesy of William Berelson. ¢) Recovery of deep sediment trap in Southern Ocean,
vhoto courtesy of Susumu Honjo.
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Figure 4. Vertical fluxes of POC, fatty acids, and amino acids at
several locations in the ocean. Study sites as listed for Fig. 2, and
including PARFLUX s, (Sargasso Sea; Honjo, 1980; de Baar et al.,
1983), Panama Basin (Lee and Cronin, 1984), and Drake Passage
(Wefer et al., 1982). Lines are regressions for flux data at depths
greater than 400 m; z,, are calculated half-depths (see text).
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Figure 1 Solid-state *C NMR specira of material from the equatorial Pacific Ocean and
the Arabian Sea. a—c, Material from the equatorial Pacific Ocean; a, plankton, b, upper
trap, and ¢, deep trap samples. d—f, Material from the Arabian Sea; d, plankton, e, upper

trap, and f, deep trap samples (Table 1).

alquil = 0-45 ppm

amino = 45-60 ppm

O-alquil = 60-95 ppm (pentosas, hexosas)
carbonyl = 165-215 ppm

C=0 en esteres y amidas = 175 ppm

No evidencia de productos de

humificacion ( no aumento de
insaturacion con profundidad)

Hedges et al. 2001
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Figure 2 Calculated weight percentages of biochemicals in the samples from the
equatorial Pacific Ocean and the Arabian Sea. See Methods for a description of the
techniques used to acquire and model these spectral data.

Aumento de la sefial de carbohidrato con la profundidad pero en
general no cambio drastico



en resumen...

* A pesar de |la extensa degradacion, pocos
cambios en composicion

 Preservacion no relacionada a
recombinacion o biosintesis microbiana

* Proteccion de materia organica por la
matriz inorganica de las particulas (opal,

carbonato de calcio, aluminosilicatos).
“Ballast”



Lastre (ballast) mineral

* La materia organica no sedimentara sin el
lastre mineral

* [pMO ~0.9-1 '05; pcarbonato 2'3; psilica 2.5 g/CC]



¢ Cual lastre mineral se correlaciona mejor con el flujo
de carbono organico particulado?
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Global reservoirs (Gt) and
fluxes (Gt y') of OC on land
and in the ocean (adapted
from Hedges and Oades
1997)

1Gt=107°g

Carbonatos = 60 millones GT



0.5 Gt DNA sedimentos

[DOC]uM

>1000 Daltons

3 < 1000 Daltons
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Tasa de recambio de COD (estado

estacionario)

« 600 x 1075 gC/6000y = 0.1 x 10" gCly
* 0.1 Gt se producen y destruyen cada ano
* 100 Gt se destruyen cada 1000 anos

* 100/600 = 20% se destruye y reemplaza de
alguna parte

+ Esto significa que 80% se recicla en cada ciclo
de mezcla (permanecen como tal)

« De dbénde viene el 20%7
* Rios =0.2 Gt/y (0.2 x 600 = 120 Gt)
« PP =6 Gtly



COD tiene bajo contenido de lignina (marino)
6'3C -20 a -22%o (marino)
Antiguo (6000 y)

Y por que 6000 y, porque no /7 omas o
menos?

., Como se explica que la gran masa de material
recalcitrante organico que sufre intemperizacion de
kerdgeno (y que soportd un ciclo) en suelos y son
transportados a traves de rios es aparentemente
remineralizada en el océano, mientras que el
material que parece fresco (fitoplancton) permanece
como la mayoria del COD?



Analisis quimico de COD en superficie (<100m) y

profundo (>1000m). Benner 2002

Composicion CcOD COD profundo
molecular superficial (%) | (%)
carbohidratos 2-6 0.5-2

proteinas 1-3 0.8-1.8
Polimeros de 0.4-0.6 0.04-0.07
amino azucares

lipidos 0.3-0.9 nd

Total 3.7-10.5 1.3-3.9




CHz AS

FIG. 4. = Hypothetical structure of scawater humic substances with amino acid (AA). sugar (S), amino sugar (AS) and fatty acid (FA) moictics
incorporated. The dashed lines A-G represent sites of bond formation of these compounds.

Sustancias humicas, solubles en base:
1) Acido fulvicos, soluble en acido
2) Acidos humicos, insoluble en acido
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Chemical Characterization of High Molecular Weight (HMW)
Dissolved Organic Matter (DOM)

Acylated Polysaccharide
(APS)

50% of surface HMW DOM (10 Gt C)
15% of deep HMW DOM (15 Gt C)

Aluwihare et al. 1997



JI. Hedges et al. | Ovganic Geochemistry 31 ( 2NN} ) 945-058 951
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Fig. 5. Schematic representation of the structure of bacterial peptidoglycan (after Brock et al., 1994). The upper two images illustrate
the linkages of structural units within peptidoglycans of species of Gram-negative and Gram-paositive hacteria. The network to the
lower kft shows how these units are assembled into a peptidoglycan sheet (peptide crosslinks in bold) that is relatively resistant to
hiodegradation. Abreviations: G = N-acetylglucosamine, M = N-accetylmuramic acid, DAP = meso-diaminopimelic acid, Ala = alanine,
Gly = glycine, Glu = glutamic acid.

McCarthy et al. 1997



Aluwihare, Repeta, Pantoja Science 2005
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Lihini I. Aluwihare, Daniel J. Repeta, Silvio Pantoja, Carl G.
Johnson. 2005. Two Chemically Distinct Pools of Organic
Nitrogen Accumulate in the Ocean. SCIENCE 308, 1007-1010

*Dos grupos distintos de NOD se acumulan en el océano

La mitad del material de alto peso molecular en superficie esta
presente como amino polisacaridos N-acetilados

*Casi todo el material de alto peso molecular en el océano
profundo esta presente como amidas que resisten hidrolisis
quimica y degradacion biologica

La abundancia de nitrogeno como amidas en toda la columna
de agua sugiere que son mas biologicamente recalcitrantes que
otras formas de nitrdgeno organico
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CDOM: Materia organica disuelta coloreada
1. Reacciones fotoquimicas en el océano

2. Calidad u cantidad de luz que llega a las células
fotosintéticas

3. Representa la MOD que es exportada desde los
margenes continentales (?)

4. Afecta el color del océano y por ende las imagenes
satelitales

5. Representa la MOD continental que llega al
ambiente marino (?)

6. Fuente de nitrégeno para el fitoplancton costero (?)



Propiedades opticas de la MOD estan determinadas por la
mezcla de:

1) Cromoforos: moléculas que absorben luz visible y UV

2) Fluoréporos: moléculas que re-emiten luz absorbida a
longitudes de onda mas altas

Disminucion de la absorcion en profundidad y aumento de la longitud de onda

Fluorescencia proporciona informacion estructural (origen) con excitacion maxima
entre 300-350 nm y emision entre 400-500 nm
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Coupling and feedbacks between
carbon and oxygen cycles

3k tectonic degassing
& photosynthesis
¥k burial of organic carbon

CO»

organic carbon deposition




Close-up of sapropel layer

Por supuesto esto
cambia en el tiempo...
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Fig. 1. ldealized diagram depicting current estimates of the percentage of total organic matter burial occurning within varioss marnine
sediment types (sce Table 2). Light sections represent sediments which contain organic loadings lowe yr than a monolayer equivalent
Stippled sediments contain moaolayer-equivalent loadings, and dark sediments contain Joadings that are more than monolayer-equivalent.



Effect of chemical composition on
organic matter degradation in sediments

Geopolymerization Selective preservation
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Burial/Flux

Selective preservation of
organic matter in sediments
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mecanismos

biosynthesis
1

biomacro-
molecules

hydrolysis

selective low molecular
preservation weight biomolecules

condensation/ selective
_ polymerization preservation

resistant HMW resistant LMW
macromolecules molecules

w w

kerogen / oil / gas

Schematic of selective preservation vs. condensation
pathways for preservation of organic matter (adapted
from Tegelaar et al. 1989)



Organic carbon in surface sediments
of the Pacific Ocean

Calvert and Peterson 1998

Produccion primaria y exportada
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Canfield 1994
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Efecto del oxigeno

Effect of oxygen exposure time
on burial efficiency
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Tasas de degradacion (Lee 1992)
Sedimentos andxicos secuestrarian C como
biomasa bacteriana

Table 6. Calculation of true uptake rates from uptake rate
constants and substrate concentrations.

Reacciones redox importantes

k (h1) TSl aM) v (nM/h)
Reaction En(v) 4G
SALT POND Reduction of O,
Oxic + o a
- 0.812 -299
amino acids 0.78 250 195 R d02;4H f:\fg_ > 2H:0
putrescine 0.084 10 0.84 educiono —
Anoxic 2NOs; +6H +6e >N, + 3H,0 +0.747 -284
amino acids ; 750 - Reduction of Mn**
putrescine 0.0036 18 0.07 MnO, + 4H" + 26™ > Mn2* +2H,0 +0.526 233
g 3+
CARIACO TRENCH Reduction of Fe
Oxic Fe(OH); + 3H" +e --> Fe** +3H,0 -0.047 -101
amino acids 0.0067 20 0.134 Reduction of SO,*
putrescine 0.0014 5 0.007 2 + - )
formaldehyde  0.0032 *14 0.045 S04+ 108 86— Fps  4Fp08 Wi 02210 | 559
Anoxic Reduction of CO;
amino acids 0.0015 120 0.18 CO, +8H" + 8¢ --> CHy + 2H,0 0.244 -5.6
putrescine 0.00027 15 0.004
formaldehyde 0.00042 *19 0.008
PERU COAST
Oxic , .
§ e 00062 <1 <0.006 Energia generada vs. Tasa de recambio
noxic
methylamine 0.0026 10 0.03

* Formaldehyde concentrations measured by K. Mopper and D. Kieber

T Substrate concentrations were measured analytically except for
methylamine, which was estimated by the kinetic substrate addition
technique.



Pantoja et al. DSR 1l 2009
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Fig. 2. Two hypothetical degradation curves for organic matter mixtures containing initially equal amounts of five different components
which are mineralized with first-erder rate constants that suceessively vary by factors of two. The only difference in the 1wo curves is that
the most stable component in Mixture A (solid line) reacts at half the rate as the most stable component in Mixture B (dashed line) (after
Cowie et al., 1995).

O, y labilidad?



Percent Assimilation
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Fig. 7. The deactivation of bovine serum albumin aged for up
1o 40 days in scawater, as reflected by subsequently decreased
percent assimilation (over O—-12 h) of the dissolved protein by
hacteria (after Keil and Kirchman, 1994). No such aging cffoct
was obtained with organic-free (UV-treated) scawater, indicat-
g that organkc—organic interactions likely produced the
refractory protein.

Interacciones abioticas

Keil & Kirchman 1994



Hebting et al. (20006):
Modelo molecular: carotenoides

La reduccion abiotica en ambientes reductores
operaria en estados tempranos de la diagenesis,
induciendo la preservacion.

*De acuerdo a experimentos de laboratorio H,S
seria el donador de hidrogeno

*Estas reacciones permiten la preservacion de
abundante carbono organico en en el registro
geoldgico



. Qué controla la preservacion de
la materia organica?

Todas las anteriores...

*Produccién de materia organica * Hedges & Keil 1995
*Oxigeno « Canfield 1994
Composicion de la materia

organica

*Asociacion mineral
*Interacciones abiobticas



