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Flavours of oxygen

• molecular dioxygen: O2

• oxygen triple isotopologues: 16O2, 16O18O, 16O17O
• abiotic gas exchange analogue: O2 and Ar
• "abiotic" deep-water mixing analogue: O2 and N2O
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Sampling and analysis

• continuous O2 concentration measurements by optode
• continuous O2/Ar ratio measurements by MIMS or EIMS
• O2 isotopologues by isotope-ratio mass spectrometry (IRMS)
• N2O concentrations by laser cavity absorption spectroscopy
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Platforms
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aMinimum value.
bMaximum value.
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Advantages & disadvantages

+ in principle, unambiguous measurement of N and P
+ no sampling biases (bottle effects, temperature, light)
+ ease of sampling (non-research vessels, no incubations)
+ integrates over O2 residence time in the mixed layer (days to weeks)
+ scalable / high spatial coverage possible

— uncertainty of gas exchange coefficient 
(±20 %)

— currency is O2, not C
— photosynthetic coefficient?
— P includes other non-carbon fixing, 
H2O-splitting reactions

— integrates vertically over mixed layer depth, 
but may include contributions from below
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Using Ar to correct for the physical O 2 component
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Net community production N = P – R

Biological O2 flux:
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Production in the Bellingshausen Sea
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Entrainment correction "removes" 
apparent net heterotrophic areas
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Using N 2O to correct for vertical fluxes
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Using N 2O as "abiotic" analogue to 
correct for vertical O 2 fluxes
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Upwelling brings up
• high N2O
• high CO2
• low O2
• high nutrient
Re-equilibration by gas-
exchange and net production.

N2O has negligible surface 
sources and sinks:
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Correction of Fbio (O2/Ar) for vertical 
mixing using N 2O to give N(O2/Ar)
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Gross production using oxygen triple isotopologues
(16O2, 16O17O, 16O18O)
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O2 + hν → O + O
O2 + O(3P) + M → O3 + M

CO2 O2

O3 + hν → O2 + O(1D)
O(1D) + CO2 → CO2 + O(3P)

tropopause

Oxygen isotope transfer from O 2 to CO2
via O3
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17O excess, ∆(17O), of photosynthetic O 2

photosynthetic O2:  ∆max(17O) = 249 ppm (???)
(180 to 264 ppm)

∆(17O) = δ(17O) − λδ(18O)

Choose λ = γR = 0.5179 = 17εR / 18εR,
where εR is the respiratory kinetic isotope fractionation

Reference: tropospheric Air-O2
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Calculating the ratio of gross O 2 gross pro-
duction P to gross O 2 influx: g = P / (kcsat)

Kaiser (2011):

Prokopenko et 
al. (2011):

g = P

kc
sat

≈
∆(17O)− ∆
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(17O)− ∆(17O)
Luz & Barkan 
(2000):
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Unrecognised systematic uncertainties 
due to phytoplankton composition
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Global measurements and modelling of 
oxygen triple isotopologues
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Net community production from 
underwater ocean gliders
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RRS James Clark Ross cruise JR255A "GENTOO", Jan 20 12

Ship track 
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Glider O 2 measurements
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Depth-integrated net community 
production
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∆t = 16 d
N(O2) = (27±4) mmol m–2 d–1
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In-situ measurements can help avoid 
ship sampling biases
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Intake design on research ships

Moon pool
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Conclusions

To understand variability on small to large scales, 
collaboration of all scientific disciplines is required.

Novel sensors and autonomous observation 
platforms will be key elements of future ocean 
biogeochemistry.

Biogeochemical data can supplement and 
sometimes substitute physical measurements.
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