
The profile of [DOC] with depth

1. Measured by HTCO or
wet chemical oxidation

2. Surface values are 60-80µM C
deep sea values are 40 µM C

3. Deep sea values are nearly constant
(implies some tight feedback/control)

4. Global inventory is 680 GT C.  Most 
Resides in the deep ocean!

Dissolved Organic Carbon in the ocean



Radiocarbon in the Atlantic and Pacific Oceans

DIC 14C has the same
Value in the Atl and Pac

∆∆14C of DIC and DOC
is about the same in the
deep Atl and Pac oceans

Deep ocean values are
equal to a RC age of 
Several 1000’s years

Either there is a source of
“old” DOC, or DOC lasts
for several ocean mixing
cycles



13C Nuclear Magnetic Resonance Spectrum
of high molecular weight dissolved organic matter
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1HNMR of high molecular weight DOC
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But….

Carbohydrates by NMR
are 50-70% of the total

by molecular level techniques
they are only 15% or less..



15N-NMR of HMWDOC.  Is HMWDON
from proteins or from amino sugars?
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X

Is a large fraction of HMWDOC and HMWDON
from amino sugars or proteins?
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Is a large fraction of HMWDOC and HMWDON
from amino sugars?
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Sample ΣN     Σamide(NMR) ∆amide AcOH AA   ΣAcOH+AA ΣRN

WH 7.7 7.1 -4.4 3.3        1.0          4.3 2.7

MAB(1000m) 7.7 7.7 -1.8          1.3         0.8          2.1              5.8

Hawaii(23m) 6.2 6.2 -3.7 -3.3 0.5 3.8 2.4

Hawaii(600) 6.2 6.2 -3.7 -3.4 0.4 3.8 2.4

The amount of amide lost via hydrolysis equals the amount of
acetic and amino acid released into solution.  A large fraction 
of HMWDON in surface water (up to 50%) is amino sugars.
In the deep ocean most HMWDON is uncharacterized.

The composition of HMWDON
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SDS+PAGE
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protein database
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Peptidoglycan in DOC
Amino acid analyses of HMWDOC shows AA 
distribution is pretty much the same everywhere.  
AA make up only 3-5% of DOC,but are 14-30% of 
HMWDON.  The distribution of AA does not reveal 
much about sources, but the high D/L ratio has 
been used to argue that there is a significant 
bacterial source for HMWDON, and more 
specifically that peptidoglycans from eubacterial
cell walls are a part of HMWDON





The composition of ‘lipid” in HMWDOC
NMR detects functional groups, not biochemicals
CHx can come from more than one biochemical
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The hydrolysis of HMWDOC yields only small 
amounts (1%) of classical lipids!

CH3(CH2)nCO-C-HMWDOC 

CH3(CH2)nCOH 

CH3(CH2)nCOO-C-HMWDOC

CH3(CH2)nCOOH

Fatty Alcohols

Fatty Acids



We can use chemical techniques such as
periodate oxidation, which selectively oxidizes sugars

to test if lipids are really present in HMWDOC
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NaIO4

∆ 80oC

Periodate oxidation of HMWDOC
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HMWDOC composition summary

Direct chemical analyses show that HMWDOC is 50-70%
carbohydrate, 5-6% acetamide, and 5-6%”lipid”

Chemical hydrolyses techniques find HMWDOC to be 
15% carbohydrate, 3-5% protein, and <1% lipid

Indirect chemical analyses show that an additional 25%
is amino sugars, and 25% is deoxysugars.  However,
There is no direct confirmation of this.

For reasons no one understands, HMWDOC is not
amenable to classical chemical analyses.  A good portion
(>25%) remains uncharacterized.  Much more (>85%)
at the molecular level. 



A small fraction of the DOC added to 
the ocean by rivers is colored (colored 
dissolved  organic matter or CDOM) 
that can be tracked by remote sensing.  
This DOC interferes with satellite 
determinations of ocean productivity, 

especially near the coast.

Terrestrial DOC in the ocean



DOC transport through estuaries and the input of
terrestrial organic carbon to the ocean.

DOC concentrations are nearly always
higher in rivers than in the ocean.  Rivers
add C to the ocean.

In general, DOC displays conservative
behavior wrt salinity in estuaries.

Some estuaries add carbon, some
remove it.







Extraction of marine “humic substances”
from lakes, rivers, and seawater

Seawater
(pH = 2)

0.1N NaOH
or

1N NH4OH/MeOH

sample

1. Chemical basis for sampling

2. Hydrophobic compounds

3. 5-10% of DOM

4. Old RC age



Humic substance in Amazon River water
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The characteristics of humic substances in the 
Amazon River and North Pacific Ocean





A comparison of humic substances and
HMWDOM in seawater

Humic substances HMWDOC

5-10% of DOC 25-35%of DOC
C/N = 40 C/N = 15
lots of aromatic C little aromatic C
“hydrophobic” hydrophilic
random assemblage ? fixed composition ?



Radiocarbon in riverine DOC…ages vary from
Very new to old, pre-bomb values…. 



In situ production of DOC by marine microbes



[DOC] can vary in space and time in the ocean due
To changes in DOC inventory (sources)



Production of DOC by phytoplankton in 

laboratory culture







Production of DOC during 
grazing by macrozooplankton



Production of DOC by phytoplankton

Obvious source of DOC in the ocean.  Supported by
stable isotope measurements of DOC-13C (-21‰). 
However, bacteria have also been cited as an important
source for DOC.  Which is it?  Why does DOC produced
by algae or bacteria persist for 6000 yr when the ocean
is SO efficient at removing C, N, P…

If annual production is 75 GT C yr-1, then only a small
Fraction is needed to support the global DOC cycle.
Cultures and field studies yield about 5-10% of C fixed.

However, in surface water there is a large reservoir of
“new” DOC that accumulates above deep water values.
The flux of DOC needed to support that reservoir (30 GT C)
depends on the residence time of new DOC.
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