 \Where does primary production go?
— Export
— Bacteria
— Grazing
— Dissolved organic matter
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The Microbial Loop
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A simplified
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What other components of the
biological pump are important?

e The majority of organic material in the
ocean Is in the dissolved phase
(operationally defined as <0.7 um or 0.2

pm)



Why dissolved organics matter

e Dissolved organic matter constitutes the
largest global reservoir of fixed carbon
~700 x 10> g C.

e Oxidation of even 1% of the seawater
DOC pool in a 1 year period would exceed
annual anthropogenic CO, emissions.

« DOC can also serve as an important
component of new production.



Temperature (° C) and Mixed Layer Depth (m)
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Upper ocean total organic carbon at BATS
Remember DOC = ~98% of the TOC.
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Figure courtesy of Craig Carlson, UCSB



TOC Profiles at BATS

DOC Profiles at BATS
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Figure courtesy of Craig Carlson, UCSB




Typical DOC profile :

G i elevated in near surface
. Semi-labile water, decreasing
1000 through the thermocline,
1500] stable at depth.
%%2000_34-— Refractory
I -Labile pools cycle over
. time scales of hours to
eliy days.
o
I e «Semi-labile pools persist

0 10 20 30 40 50 60 70

BOC (M O for weeks to months.

Figure 5 Conceptual cartoon of the various pools of refractory, semilabile, and labile DOC in the
open ocean. This figure is based on the mean profile for all DOC data collected at the Bermuda Atlantic
Time-series Study (BATS) site in the Northwestern Sargasso Sea. The magnitude and distribution of

the various pools of lability will vary depending on the location of the study site and the degree of ¢ R ef r aC t O ry m at er I al

thermal stratification of the water column (see Hansell, Chapter 15). The refractory pool is divided

into two broad pools based on the deep ocean gradient observed by Hansell and Carlson (1998a). They C y C I eS O V e r O n t | m e

observed the lowest concentration of DOC (34 M C) in the north Pacific and used this concentration

to represent refractory DOC which turns over on time scales of greater than ocean mixing (A, white SC al es ran g | N g fro m

box). The deep DOC concentrations in excess of the 34 M C represents the fraction of the biologically .
decadal to multi-

refractory pool that tums over on time scales of ocean mixing (i.e., centuries; B, light gray box).
decadal...perhaps
longer...



Contribution of different sources
to marine DOM
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Figure 1  Three major pools of dissolved organic matter (DOM) and the
processes contributing to them.



Amino Acid Structure
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The vast majority of organic matter in the
sea remains chemically uncharacterized

Surface DOC
Surface DON

Neutral sugars
Amino sugars B Amino sugars
B Amino acids

Amino acids
[ uncharacterized

Uncharacterized

OEmE

Deep DON

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



Isolation of DOM by ultrafiltration

Size selective
concentration of DOM
Cross Flow Filtration
Typically solutes > 1nm
are concentrated for
° o subsequent analyses

high pressure

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

low pressure

° Some salts collected also



UItraflltratlon high molecular weight DOM (HMWDOM)
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ﬁnal product
of total DOC




Spectral and chemical analyses of HMWDOC

Carbohydrate ol ol
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Acid hydrolysis followed by
Monosaccharide analyses
13
CNMR yields 7 major neutral sugars
that represent 5-10% of surface water DOM
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NMR and carbohydrate analyses of deep sea HMWDOC

monosaccharide distribution
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Bomb 14C

Cosmogenic 14C production

a

Fossil v
fuel » Atmosphere
dilution
Air-Seal ‘
Exchange

Surface Ocean

Deep Ocean

Factors controlling 1#C in : :
atmospheric and oceanic 14C half-life is 5730 years

reservoirs
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DOC cycling via DO14C

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

Matural Radiocarbon Activity of the
Dissolved Organic Carbon in the

Morth-east Pacific Ocean

TEE “age” of the dissolved organic matter i the desp sea
relative to its origin in the euphotie zone has been a
matter of conjecture for some timel-?. Photosynthetic
fixation of carbop dioxide into plant carbon by phiyto-
Pl.l:lnkl:.nn Aancl ‘UIJHHI'.IIJI.'.II... biccheisical uaidstion or soluakdl-
ation of organic carbon takes place primacly in the
upper 0-300 m of the sea. A small, a8 y#& unknown,
fraction of this orgenie carbon 18 transferred into the deep
water by phywical proeesses soch aa turbulent mixing
and sinking of surface water at high latitudes. Tnaddition.
particulate organie carbon which sinks frem the surface
may be converted nto dessolved organie matier at depih.
In order to determine how *old™ this dissslved organic
earbon iz, its matural radiocarbon activity has been
memsured for two deep-water samples taken off southor
Californis.

The dissolved organic carbon woe convorted to enrbon
dioxids {and subsoquently to methane for radiocorbon
counting) by photo-oxidation with high snergy ultraviolet
radiationt (Fig. 1), Beawater was collected with o 100 1.
stainless gieal gampler and stored in 200 1. pre-leached ateel
drumg lined with polythens (no increase in organic carbon
was detected during the siorage perind before analysis).
Pre-filuration to remove particalate organic matber was
noti necessary beomuss ite concentration was less than
G pgfl. The soownter was acidified to pH 2 with hvdro-
chloric acid, sparged free of inorganic carbon (9997 per
cent) with oxygen gas end irradisted in 60 1. batehes for
20 h. Luln%a. 1,200 W meroury-are lamp (Hanovia Engel-
hardt ‘188 A"). The carbon dioxide ao formed was
sparged from tho seawster with oxygen gis and teapped
in strontium hydroxide ss strontivum carbonata. Come
plete oxidation wis ascertained by eomparison of the
earbon dioxida in the irradinted seawater (detected by &
Beciman model 16 infrared anslyeer) with the amount of
carbom dinxide resulting from the wet combustion of the
organio corbon in the seawater before oxidation*®. Thae
strontium carbonate wes colleated by filieation, washed

with water in & nitrogen atmosphere and then dried
i voeto,

UV photooxidation

uy LAMP

CO2 TRAP
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Depth A14C(%o) Age

1880m -351 %o -3470+330 ybp

1920m 341 %0  -3350+300 ybp
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Radiocarbon in the Atlantic and Pacific Oceans
Peter M. Williams and Ellen Druffel: Nature 1987, JGR 1992
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Pacitic Ocean DIC

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)

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



