
Does this 
represent 
loss of 
DOC? 



The possible consequences of massive carbon transfer from  
arctic soils to the ocean: 

1.  Not much:  the carbon stored in arctic soils represents the end product 
 of carbon cycling on land.  The material is inert and cannot be oxidized in the 
 ocean.  It is transferred into the ocean and stays there. 

2.  Some effect:  It would have been oxidized anyway in soils so the transfer 
 just effects the location of oxidation, not the ultimate fate of the carbon.  

3.  Large effect:  The carbon was effectively sequestered in soils and would not  
     have been oxidized if it remained there.  Different degradation processes are  
     active in the sea, leading to a different long term fate of the carbon (and N and P). 

The three scenarios will have different consequences for atmospheric CO2  
global climate and global carbon cycling! 



What is “particulate” and what is “dissolved” carbon? 

Organic matter is classified by size, as defined by filtration 

Particulate Organic Matter Dissolved Organic Matter 
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DOC and major carbon reservoirs and fluxes

Atmosphere 750 GT (CO2) Terrestrial Plants
900 GT C

Soil 2000 GT C 

Surface Sediments 150 GT C

DOC 700 GT C

POC 15 GT C

Marine Primary
Production 60-75 GT C/yr

Terrestrial Primary 
Production 75 GT C/yr

River flux
0.5 GT C/yr

Burial 0.1-0.2 
GT C/yr

Biomass 2 GT C 

Carbonates  60,000,000 GT C

Kerogen      20,000,000 GT C



Analytical methods for measuring DOC 

Used for large volume samples (stable and radioisotope analyses)

Add acid, sparge
    add persulfate

Heat 24 hr

Sparge
Measure CO2

UV photooxidation Chemical oxidation



Vertical profiles of dissolved organic carbon in the ocean 

Often measured as TOC 

Surface values typically 60-80 µM 

Deep water values @ 40 +1 µM 
(implies some unknown feedback/ 
control of DOC values) 

Global inventory about 680 GT C 

Data from Peltzer and Hayward (1996) DSR 

TOC (µM) 



High Temperature Catalytic Oxidation
100 µL seawater

Inject directly onto
  Pt or M column

Water vaporized and 
   trapped

DOC oxidized by Pt
to CO2

LiCOR detector

Precision + 0.5- 1µM

Analytical methods for measuring DOC 





Nature v 356,(1992)  p 696-698 (Ogawa) and p 699-700 (Martin) 
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Data from Dennis Hansell   (www.rsmas.miami.edu/groups/biogeochem/Data.htm) 

Distribution of DOC in the Pacific and Atlantic Basins 



Global circulation and the distribution of DOC 
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A16: DOC on δθ 26.4 – 26.7 

Input on the Equator 
(solubilization of sinking particles  

or advective input?) 
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Data from Dennis Hansell   (www.rsmas.miami.edu/groups/biogeochem/Data.htm) 
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Expected Mixing Curve 

A16: DOC on δθ 27.0 – 27.3 

Data from Dennis Hansell   (www.rsmas.miami.edu/groups/biogeochem/Data.htm) 



DOC in the Deep Global Ocean (Hansell and Carlson, 1998) 



Natural abundance radiocarbon and DOC 



McNichol and Aluwihare 2007 

Natural radiocarbon production 
has changed over time, and is 
influenced by changes in the flux 
of cosmic rays, solar activity, and 
the earths magnetosphere. 

Atmospheric radiocarbon is  
adsorbed by the ocean through 
CO2 gas exchange , but the 
rate of adsorption varies in space 
and time.  Penetration of radiocarbon 
into the ocean interior is affected by 
mixing and circulation. 

Atmospheric testing of nuclear weapons 
in the period of 1945-1962 introduced 
a large amount of anthropogenic 
radiocarbon into the atmosphere.  This 
“bomb signal” is still being adsorbed  
by the ocean and incorporated into  
Organic matter. 



McNichol and Aluwihare 2007 



DOC cycling via DO14C 

UV photooxidation

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

1880m       -351 ‰         -3470+330 ybp 

1920m        -341 ‰        -3350+300  ybp 

Depth    Δ14C(‰)               Age        



Accelerator Mass Spectrometry (AMS)  
 NOSAMS at Woods Hole 

C-14 PP measurements use 106x more C-14 than natural abundance!!!!! 



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

Sargasso suspended POC 

Pacific suspended POC 
Pacific sinking POC 
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Radiocarbon in the Atlantic and Pacific Oceans 

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

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

ΔΔ14C of DIC and DOC 
is about the same in the 
deep Atlantic and Pacific 

Deep ocean values of DOC 
are equal to a radiocarbon 
age of 4-6 kyrs 

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



Radiocarbon based models of DOC cycling in the water column 

Beaupre and Druffel 2009 



Radiocarbon based models of DOC cycling in the water column 
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“New” DOC 
Δ14C = Δ DI14C 

Δ DI14C = 70-150 o/oo 

Williams and Druffel, 1987; Beaupre and Druffel 2009 



Δ14Csur [DOC]sur = Δ14Cdeep [DOC]deep + Δ14Cxs [DOC]xs 

Williams and Druffel proposed a two component model to explain DOC cycling in the  
Water column. 

In their model the old radiocarbon age of deep DOC implies a nonreactive reservoir of 
Carbon with a stable concentration and fixed radiocarbon value 

Surface water DOC is a mixture of old, deep DOC and new DOC that has a  
radiocarbon value of equal to DIC.  The new DOC is considered to be excess carbon 

that accumulates in the upper ocean over timescales of upper ocean mixing. 

They assume that the origin of the new DOC in the ocean is photosynthesis: 

DIC -> POC-> DOC 

Mass and isotopic balance can be expressed as: 

[DOC] sur = [DOC]deep + [DOC]xs 



Depth

DOC Δ14C

Williams and Druffel, 1987; Druffel et al. 1992

DOC Δ14C

Sargasso Sea 

N. Pacific 

The Williams and Druffel model allows us to predict what the Isotopic value of  
surface water should be based on deep water and DIC radiocarbon values. 



One of the major assumptions of the  
Williams and Druffel model is that DOC 
Rapidly equilibrates with POC.   If this were true 
Why does DOC accumulate in the upper ocean? 
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Can we derive the radiocarbon value of DOC xs independently? 

73±23‰ (’91-’95) 
105±62‰ (’95/’96) 
135±26‰ (’89) 
162 ±39‰ (‘87) 

Δ14Cxs 

(Mortazani and Chanton, 2004) 



Time-series measurements of [DOC] and DOΔ14C at Station M 

25 m 

85 m 

450 m 

Beaupre and Druffel 2009 



What drives the changes in [DOC] and DOD14C values  
At Station M? 

Beaupre and Druffel 2009 







Summary 

DOC is the largest reservoir of “reactive” organic carbon in the ocean, about 680 GT C 
compared to a few GT C of microbial biomass.  About 99% of water column marine  
organic matter is  nonliving, and about 95-98% of total organic carbon is in DOC. 

DOC has high concentrations in the euphotic zone indicating input or net production. 

DOC concentrations are lower at depth (about half surface water values) and nearly  
constant throughout much of the deep ocean.  There appears to be removal of DOC 

from the deep ocean between the Atlantic and Pacific (-30%). 

Radiocarbon values of DOC enriched in surface waters but highly depleted at depth.   
Radiocarbon values in surface water provide an age of 2000 years, but radiocarbon values 

can be modeled as two end member mixing.  Deep sea values are consistent with  
an average residence time of  5000-6000 years.  Several ocean mixing cycles!!! 




