
• Where does primary production go?
– Export
– Bacteria
– Grazing
– Dissolved organic matter
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What other components of the 
biological pump are important?

• The majority of organic material in the 
ocean is in the dissolved phase 
(operationally defined as <0.7 µm or 0.2 
µm)



Why dissolved organics matter

• Dissolved organic matter constitutes the 
largest global reservoir of fixed carbon 
~700 x 1015 g C.

• Oxidation of even 1% of the seawater 
DOC pool in a 1 year period would exceed 
annual anthropogenic CO2 emissions.

• DOC can also serve as an important 
component of new production.
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Upper ocean total organic carbon at BATS
Remember DOC = ~98% of the TOC.  

Late winter (January –March) deep mixing
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TOC Profiles at BATS

Figure courtesy of Craig Carlson, UCSB



Typical DOC profile : 
elevated in near surface 

water, decreasing 
through the thermocline, 

stable at depth.  

•Labile pools cycle over 
time scales of hours to 

days.

•Semi-labile pools persist 
for weeks to months.

•Refractory material 
cycles over on time 
scales ranging from 

decadal to multi-
decadal…perhaps 

longer…



Sources of DOM 
to ocean ecosystems

1. Direct algal excretion
2. Zooplankton (sloppy feeding, 

excretion)
3. Viral lysis
4. Bacterial release
5. Solubilization of POM
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Exudation % 14C primary production, zooplankton % carbon 
ingested, solubilization % C released from aggregates, 
bacterial % release from 14C labeled organic substrate.  
Sources: Nagata (2001), Carlson (2002).

Contribution of different sources 
to marine DOM
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The vast majority of organic matter in the 
sea remains chemically uncharacterized

Carbohydrates, neutral sugars, amino acids, and amino sugars 
make up ~20% of the bulk DOC pool in the upper ocean



Size selective 
concentration of DOM

Typically solutes > 1nm 
are concentrated for 
subsequent analyses

Selects for HMW fraction
(about 30-35% TOC)

Some salts collected also

Isolation of DOM by ultrafiltration



>1000 D 
DOM fraction
30-35% TOC < 1000 D

DOM fraction
65-70% TOC

Ultrafiltration high molecular weight DOM (HMWDOM)
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Final product
30-35% of total DOC



Carbohydrate
50-70% of HMWDOC
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Spectral and chemical analyses of HMWDOC

Acid
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Acid hydrolysis followed by
Monosaccharide analyses

yields 7 major neutral sugars
that represent 5-10% of surface water DOM



NMR and carbohydrate analyses of deep sea HMWDOC

monosaccharide distribution
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Atmosphere

Cosmogenic 14C production
Fossil 
fuel 
dilution

Bomb 14C

Surface Ocean

Deep Ocean

Air-Sea 
Exchange

14C half-life is 5730 yearsFactors controlling 14C in 
atmospheric and oceanic 

reservoirs 



History of radiocarbon in the
Atmosphere and ocean
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DOC cycling via DO14C

UV photooxidation
Williams, Oeschger, and Kinney; Nature v224 (1969)

1880m -351 ‰ -3470+330 ybp

1920m -341 ‰ -3350+300  ybp

Depth ∆14C(‰)               Age       

1000L



Radiocarbon in the Atlantic and Pacific Oceans
Peter M. Williams and Ellen Druffel; Nature 1987, JGR 1992

DIC 14C in surface waters
of the Atlantic and Pacific
has the same isotopic value.

DIC 14C in surface waters
of the Atlantic and Pacific
has the same isotopic value.

Deep ocean values of DOC
are equal to a radiocarbon
age of 4000-5000 yrs

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

DOC is always older than DIC
(by 4 kyrs in surface water)


