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Why are we measuring oxygen ?

» Physical interests: water mass circulation, new formed deep waters,
mixing depth, ventilation age, atmosphere-ocean exchange

Very sensitive tracer for studying the ocean biogeochemistry response to
climate variability and global climate change

» Biogeochemical interests: primary production estimates, remineralisation

flux (consumption/production)
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A summary of the manufacturer’s stated specifications of
present O, sensors suitable for use on profiling floats

Response
Time

SBE 43-IDO <1sec 2% of sat. 1 pmol/kg 2%/1000 hr
Optode 3830 < 25 sec <8 umol/kg < 1umol/kg Good
— Optode 4330 8-25 sec <8 umol/kg < 1umol/kg Good
Rinko 1sec 2% 0.1% ??
——>  SBE63-IDO <10sec? 1 umol/kg ? ? Good?

We need accuracy around 1 pmol/kg to do some science !



SBE 43 Dissolved Oxygen Sensor

» Clark polarographic membrane

* Mainly used on shipboard CTD unit and moorings
* Accuracy = 2% of saturation

» Linear drift due to the biofouling issues

Oxygen(ml/l) = Soc x (V + Voffset) x ¢
Possible to correct the drift with O2 Winkler analysis
Correction of the SOC term (linear slope scaling coefficient)

SOC, o, = (DOXY winkier/ DOXY sgE43)



Experiences and problems with SBE43 sensor:

»Sources of drift: changes in membrane tension, depletion of electrolyte,
impairment of the silver anode, plating of anode metal on the cathode, and
the presence of chemical contaminants in the sensor’s plastic body.

»Dynamic errors leading to apparent hysteresis are caused by response-
time mismatch of the compensation temperature sensor

»Membrane fouling: altering the oxygen diffusion rate through the
membrane, thus reducing sensitivity. Biofouling can be particularly
troublesome because the living organisms either consume or create

oxygen.

»Mostly adapted for CTD profiler (very fast time response)



Experience on field campaign (Mediterranean Sea)
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« Large drift from SBE43 raw data during 17 days cruise (around 50 umol/kg !!) despite
the application of the SBE43 cleaning procedure (Triton and bleach flushing)

« Correction with O, Winkler analysis needed ! (1 profile per day)

Ocean Data View



Experience on time series (Mediterranean Sea)
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Example with 3 years using SBE43 during monthly monitoring at the DYFAMED site

Large differences between O, reference and O, from SBE43 after annual calibration



Optical sensor: Aanderaa optode

»The sensor is based on the dynamic luminescence quenching of an
oxygen-sensitive fluorochrome embedded in the tip

»Long time stability, no pressure hysteresis, fast response, compact,
better accuracy (accuracy <8umol/kg, precision <1umol/kg)

»Adapted for Argo floats, gliders, ferry boxes, moorings, plankton
incubators (e.g. IODA, RESPIRE,...)
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Oxygen sensors have been deployed on ~ 300 Argo
floats: today 200 floats are currently operating



Sensor comparison to gridded data in WOA 09 for 119 floats

Drift

No drift in
Optodes.

Some for
SBE.

Accuracy

Clear
calibration
offsets.

What about the optode accuracy ?

30

-2.36%3.6 (uM/year)
0.01+3.0 (uM/year)

(AvgzStdev)

-10 -8 -6 -4

-2 0 2
Annual Sensor Drift (uM/year)

m SBE (n=50)
m Optode (n=69)

-10.33%11.6 (uM)
-16.72+12.5 (uM)

-50 -45 -40 -35 -30 -25 -20 -15 -10
Drift Corrected AO,

-5 o 5 10 15 20

Slides from Yui Takeshita & Todd Martz, SIO




Optode: the multi-point calibration

Henry Bittig, Arne Kortzinger
(IFM-GEOMAR), Riser (CSIRO), D.Lefevre (CNRS)

electrochemical O, Generator
regulated current, flow and temp.
triplicate Winkler samples
several optodes in sequence
polynomial fit in phase and temp.

Optode 0529 lab calibration it
(3rd order polynomial in phase & temperature)  \MSE Of fit: 1.5 ymol/l

lab calibration
rms(ANT-XXVII/1) = 0.71 pmol/l ANT-XXVIIN
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Henry Bittig, IFM-GEOMAR



Argo-0O2 advices and calibration improvements

« Optodes were stable but gave lower values than expected

=>»Main reason : an after-curing appears in the foils during the first 1-
3 months after manufacturing which typically leads to 1-4 % lower
readings

=>» Storage recommendations: keep optode wet and dark at all times

« With the new optodes (4330/4835/4831), new calibration
procedure:

v Use the Stern-Volmer equation (Uchida et al. 2008)
v Use a 40 multi-point calibration system (5T x 80,, points)
v" Accuracy better than 1.5% (x 2 uM)



ARGO-02 TEST PROCEDURE BEFORE DEPLOYMENT

Mixing bath (homogenization)
Seawater with chlorine solution
1 profile per day (max depth 18m)

Optode 4330 with new coefficients (CSIRO) mm= ...
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Temperature (deg C)

Salinity

Main results
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QUALITY CHECK DATA AT DEPLOYMENT

offset

[Ozlﬂoat =

%Sat float F=

Offset O, conc.
10-15 pmol/kg !

Float WMO 6901467

Pressuro [dh]

Q

Cojoz) + Cijog X 102] goat

0
Co%sat T €1 %sa X 70Sat fioat

Temperature [C]

100

200

300

400

500

EDO

700

B0Q

B0

T in =8y

TCTD

16

18

CTDO, profile at t, with salinity and
oxygen in situ measurements (bottles)

Salinity and oxygen data corrected from

Bittig et al. 2012 and Takeshita et al.
2013 methods (C,=offset, C,=gain)

1000 -
dBZ 583 384 385 386

5 in situ
SCTD

Pressura |di]

Ciygen saturation [3]

Crygen [umol/Mg]
i

o
n
. O

2 W

|||||||

=50

300



OXYGEN STABILITY OVER 17 MONTHS (600 O, profiles)
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Optical sensor: SBEG63

Initial accuracy = %2 saturation (x 3umol/kg)
Response time < 6s

24-point calibration
O, signal measured with Stern-Volmer equation

0, (miNl) = [{ (@, +a,T+a,V2)/ (b, +b,V) -1}/ K1 Scorr] [ Peor]

Mainly used on Argo floats (NAVIS) and moorings (mounted on SBE37)



FIELD EXPERIMENTS WITH SBE43 & SBEG3

250

October 15th 2013,2|5m depth
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Sensor Depth [umol/kg] [umolikg] | [umollkg] Difference Correction
SBE43 25m 184.6 233.5 240.5 + 1 7+1 SOCnew
SBEG3 25m 218.9 224.7 240.5 +1 19+ 1 T, Pcorr, Scorr
SBE43 50m 190.5 243 241 £1 2+1 SOCnew
SBEG3 50m 220.9 226.8 241 +1 15+ 1 T, Pcorr, Scorr




CONCLUSIONS

« SBEA43: perfect for CTD profilers but need O2 Winkler to
correct the membrane drift. O2 correction is quite simple

« Optode 4330: better calibration. Easier to correct (Bittig &
Takeshita methods). Still a drift between lab calibration
and first deployment !

« SBEG3: seems more stable than SBE43. Adapted for
slow profiles and moorings. O2 underestimated. Need
better calibration
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