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I’] uation (practices and lacks)

alibration common practices:

Callbratlon at 100% (stirred water or humid air)

Calibration at 0% (sodium sulphite)

alibration lab recommendations:

Inkler as reference measurement for 100%



aintenance sensor common practices:
g
#

V- Membrane/foil life span (using conditions, ...)

Chemical interferents / Influence quantities (temperature,
essure, salinity, current, ... ?)
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Jp to date recommendations (optical sensor55’ﬂitemeL

alibration common practices:

flore recently, to reach best adjustment and uncertainties:

- Multi-points calibration (linearity control, temperature
effects)

i - Adjustment following "H. Uchida, T. Kawano, |. Kaneko,
M. Fukasawa, J. Atmos. Oceanic Technol., 25, 2271-
‘.\\

t+cl2 T2
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to date recommendations (optical sensorsfm

xisting multipoints calibration facilities for oceano:

ubbling systems:
Ifremer (F. Salvetat)
)

Bubbling system

Reference
temperature

Stability < 0.5 pmol/l
Several hours stability

. Lowest level: nearly 0%

0, homogeneity < 2umol/l

Fulfill requirement:
./‘ a few ymol/l
gtical sensor A A

N Winkler sampling (siphon)

N \Zﬁ
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SEOMAR (H. Bittig)

~ “Anovel electrochemical

Ibration setup for oxygen
1sors and its use for the

pility assessment of Aanderaa

C. Bittig, Bjorn Fiedler,
as Steinhoff, Arne Kortzinger

mnol. Oceanogr. Methods
921-933 (2012)

N \Zﬁ
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to date recommendations (optical sensorsfm

isting multipoints calibration facilities for oceano:
;ubbling systems:

Specific bench designed for optodes

PC, gestion du circuit
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0 to date recommendations (optical sensorsf‘f’ﬁ fremer

isting multipoints calibration facilities for oceano:
bbling systems:

> MPI (F. Janssen) \
7 |

STEC (H. Uchida)
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asults of a multipoints calibration (lIfremer)

to date recommendations (optical sensorsfm

20

Winkler - Optode (umol/

Optode 4330 s/n 225
Corrections before and after adjustment
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Ip to date recommendations (optical sensors}ﬂ fremer

esults of a multipoints calibration (Ifremer)

2 to 3 weeks 1
Optode 4330 s/n 225 experimentation

Corrections before and after adjustment
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';p to date recommendations (optical sensorsfm
Results of a multipoint calibration (Ifremer)

°* Uncertainty calibration budget: U = &+ 7 pmol/l (at 440
~ pmol/l) with U (Winkler) = 4 umol/l
/l [MnlKk/0l3 VIKIOI3 /
/;; 12— Cal—VIsI2 0I3T2—
( VisSi2 0I3 12— Sample —
= SampleBlank )/4 X Ny R4

\\\‘ r .a'.i!‘
NReagents) | {0 .
r 8y B..7. e ’ . J
T ple 64.75% /’ "
f Repeatability
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+0.13mg/l) 20.88 Y
k=2 T
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Gravimetrc Winkler: U/2
I.Helm, L.Jalukse, I. Leito, Anal. 025
Chim. Acta. 741 (2012) 21-31. TR Repeatability 14




0 to date recommendations (optical sensorsf‘f’ﬁ fremer

w results of the Argo multipoint calibration
lercomparison

Residuals after Uchida adjustment (coeff by Ifremer) for
the different participants vs dissolved oxygen
concentration - Aanderaa optode 4330 s/n 210
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H 0 to date recommendations (optical sensors‘?’im
|

w results of the Argo multipoint calibration
tercomparison

Residuals after Uchida adjustment (coeff by Ifremer) for
the different participants vs dissolved oxygen
concentration - Aanderaa optode 3830 s/n 529
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to date recommendations (optical sensors) [fremer

w results of the Argo multipoint calibration
lercomparison

Optode 4330 s/n 564
Trueness errors of the participants when applying Uchida coeff
of the firts lab calibration (Geomar)
X
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to date recommendations (optical sensors) [fremer

w results of the Argo multipoint calibration
fercomparison

Optode 3830 s/n 529
I Trueness errors of the participants when applying Uchida coeff of
: the firts lab calibration (Geomar)
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2 — Up to date practices

3 — Performance testing

Alternatives
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fremer

Capteurs de conductivité | Capteurs d'oxygene dissous

Justesse, linéarité et répétabilité P1 P1
Effet de matrice de |'échantillon P1 P1
Témpérature d'échantillon P1 P1
Temps de réponse P2 P2
Test de lumiere incidente P3 P3
Dérive P3 P3
Impédance de sortie - -
Tension d'alimentation - -
TemF)érature. et humidité Sans objet Sans objet
relative ambiantes
Perte d'alimentation électrique - -
Débit d'échantillon Sans objet Sans objet

°)

J QNEJ\({IA Pression d'échantillon = =

Meeting — Paris/LOCEAN, 09/28/15
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fremer

'onse tlme 0% en bisulfite 0% en azote
0% ->100% | 100% -> 0% | 0% -> 100% 100% -> 0%
Essai 1 1minl4s 13s 1min4ls
Essai 2 Imin15s 44s 1min40s
N°1199 Essai 3 Imin18s 39s Imin32s
Essai 4 - 25s -
Aanderaa 3835
Essai 5 - 49s -
Essai 1 - - 1min48s
N°1161 Essai 2 - - -
Essai 3 ; } } impossible de
maintenir un
Essai 1 6min06s 15s 1min18s | 0% stable avec
introduction du
Essai 2 4min39s 38s 1min34s capteur
Essai 3 4min55s 49s Imin24s
Aanderaa 4330 N°184
Essai 4 - - 1min24s
Essai 5 - 21s -
Essai 6 - 48s -
Essai 1 14s 33s -
OTT MS5 - Essai 2 15s 32s -
Essai 3 13s 26s -

Meeting — Paris/LOCEAN, 09/28/15 21



Salinité

Salinité

Salinité

Aanderaa 3835

Optode Aanderaa 3835 n°1199

Oxygene Correction de justesse (performance attendue < 5% en valeur absolue ou 0.2mg/l))
mg/I %
% Essai 1:Sem 48 et 49| Essai 2:Sem 50 | Essai 3:Sem 50 et 51| Essai 4:Sem 51 Moyenne Moyenne
0% bullage -->14% 0.19 0.17 0.16 - 0.17 12.96
35% bullage 0.40 0.36 0.34 - 037 10.49 ]
70% bullage 0.30 0.30 0.28 0.27 0.29 4.67
105% bullage -0.08 -0.18 -0.14 -0.23 -0.16 -1.64
140% bullage -0.64 -0.71 -0.70 -0.76 -0.70 -5.27 |
Aanderaa 4330
Optode Aanderaa 4330 n°184
Température Oxygene Correction de justesse (performance attendue < 5% en valeur absolue ou 0.2mg/1))
mg/| %
°C % Essai 1:Sem 48 et 49 Essai 2 : Sem 50 Essai 3:Sem 50et 51 | Essai4:Sem 51 Movenne Movenne
6 bullage --> 14% 0.24 0.21 0.20 - 0.22 16.56
35% bullage 0.30 0.28 0.28 - 0.29 8.10
70% bullage 0.23 0.25 0.23 0.22 0.23 3.68
05% bullage -0.07 -0.08 -0.09 -0.11 -0.09 -0.90
140% bullage -0.49 -0.56 -0.53 -0.55 -0.53 -4.04
ai Optode Aanderaa 4330 n°325
Température Oxygene Correction de justesse (performance attendue < 5% en valeur absolue ou 0.2mg/l))
mg/I %
°C % Essai 1:Sem 48 et 49 Essai 2: Sem 50 Essai 3:Sem 50et51 | Essai4:Sem51 Moyenne Moyenne
bullage --> 14% 0.29 0.27 0.24 - 0.27 21.23
~ 35% bullage 0.40 0.39 0.39 - 0.39 11.37
70% bullage 0.33 0.36 0.35 0.34 0.34 5.62
105% bullage -0.11 -0.07 -0.08 -0.11 -0.09 -0.95
0% bullage -0.69 -0.76 -0.74 -0.75 -0.74 -5.51 |

B

eting — Paris/LOCEAN, 09/28/15

22




OTT DS5X

OTT DS5X

Salinité Oxygene

Correction de justesse (performance attendue < 5% en valeur absolue ou 0.2mg/1))

Salinité

Température

mg/| %
% Essai 1:Sem 48et49 | Essai2:Sem 50 Essai 3:Sem 50et51 | Essai4:Sem 51 Moyenne Moyenne
0% bullage -->14% 0.16 0.13 0.13 - 0.14 10.12
35% bullage 0.07 0.10 0.11 - 0.09 2.53
70% bullage 0.03 0.07 0.06 0.05 0.05 0.82
105% bullage -0.04 0.01 0.03 - 0.00 0.00
140% bullage 0.02 -0.01 0.02 - 0.01 0.08
OTT MS5
S5sai OTT MS5
Oxygene Correction de justesse (performance attendue < 5% en valeur absolue ou 0.2mg/l))
mg/I %
°C % Essai 1:Sem 48 et49 | Essai 2:Sem 50 Essai 3:Sem 50et51 | Essai4:Sem51 Moyenne Moyenne
bullage --> 14% 0.15 0.12 0.13 - 0.13 9.63
35% bullage 0.05 0.08 0.09 - 0.07 1.99
0% bullage 0.01 0.05 0.03 0.03 0.03 0.47
5% bullage -0.05 0.00 0.01 -0.01 -0.01 -0.13
40% bullage -0.02 -0.05 -0.02 - -0.03 -0.24
23
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Aanderaa 3835

Optode Aanderaa 3835 n°1199

Oxygene

% Essai 1:Sem 48 et 49

Oxygene

% Essai 1:Sem 48 et 49

Oxygeéne

% Essai 1:Sem 48 et 49

Correction de justesse Répétabilité Dérive
mg/I (performance attendue <2.5% ou 0.1 mg/I) | (performance attendue < 2.5%)
Essai 2:Sem 50 | Essai 3:Sem 50 et 51| Essai 4:Sem 51 mg/| % mg/| %
IRy 0.19 0.17 0.16 - 0.02 1.25 0.03 2.18
¥ 0.40 0.36 0.34 - 0.03 0.84 0.06 1.53
0.30 0.30 0.28 0.27 0.01 0.21 0.03 0.44
-0.08 -0.18 -0.14 -0.23 0.06 0.67 0.15 1.59
-0.64 -0.71 -0.70 -0.76 0.05 0.38 0.12 0.93
Aanderaa 4330
Optode Aanderaa 4330 n°325
Correction de justesse (performance attendue <0.2mg/l en valeur absolue) Répétabilité Dérive
mg/| (performance attendue <2.5% ou 0.1 mg/I) | (performance attendue < 2.5%)
Essai 2: Sem 50 Essai 3:Sem 50et 51 | Essai4:Sem 51 mg/| % mg/| %
0.27 0.24 - 0.02 1.91 0.05 3.56
0.39 0.39 - 0.01 0.24 0.02 0.42
0.36 0.35 0.34 0.02 0.27 0.04 0.60
-0.07 -0.08 -0.11 0.02 0.21 0.04 0.45
-0.76 -0.74 -0.75 0.03 0.23 0.07 0.53
Optode Aanderaa 4330 n°184
Correction de justesse (performance attendue <0.2mg/l en valeur absolue) Répétabilité Dérive
mg/I (performance attendue <2.5% ou 0.1 mg/l) | (performance attendue < 2.5%)
Essai 2: Sem 50 Essai 3:Sem 50et 51 | Essai4:Sem 51 mg/| % mg/| %
0.21 0.20 = 0.02 1.63 0.04 3.04
0.28 0.28 - 0.01 0.24 0.02 0.40
0.25 0.23 0.22 0.01 0.19 0.03 0.43
-0.08 -0.09 -0.11 0.01 0.14 0.03 0.33
-0.56 -0.53 -0.55 0.03 0.23 0.07 0.55
leeting — Paris/LOCEAN, 09/28/15 24




OTT DS5X

OTT DS5X

Oxygeéne

%

Correction de justesse (performance attendue <0.2mg/| en valeur absolue)

Répétabilité

Dérive

Oxygéne

%

mg/I (performance attendue <2.5% ou 0.1 mg/l) | (performance attendue <2.5%)

Essai 1:Sem 48 et49| Essai 2:Sem 50 Essai 3:Sem 50et51 | Essai4:Sem 51 mg/I % mg/| %
0.13 0.13 - 0.02 1.16 0.03 2.01
0.10 0.11 - 0.02 0.51 0.04 0.98
0.07 0.06 0.05 0.02 0.26 0.04 0.60
0.01 0.03 - 0.04 0.38 0.07 0.74
-0.01 0.02 - 0.02 0.14 0.03 0.24

OTT MS5
OTT MS5
Correction de justesse (performance attendue <0.2mg/l en valeur absolue) Répétabilité Dérive
mg/| (performance attendue < 2.5% ou 0.1 mg/I) (performance attendue < 2.5%)

Essai 1:Sem 48 et49 | Essai 2:Sem 50 Essai 3:Sem 50et51 | Essai4:Sem 51 mg/| % mg/| %
0.12 0.13 - 0.02 1.02 0.03 2.00
0.08 0.09 - 0.02 0.51 0.04 0.97
0.05 0.03 0.03 0.02 0.24 0.04 0.60
0.00 0.01 -0.01 0.03 0.28 0.06 0.63
-0.05 -0.02 - 0.02 0.14 0.03 0.24

\

"
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Définition de I'essai

Aanderaa 3835

Optode Aanderaa 3835n°1199

Salinité

Salinité

Salinité

Température Oxygene Winkler Données optodes Linéarité
mg/| mg/| (performance attendue < 2.5% ou 0.1 mg/l)
°C % Moyenne Moyenne mg/| %
0% bullage —> 14% 1.54 1.36 0.27 19.58
35% bullage 3.85 3.49 -0.12 -3.48
20 70% bullage 6.49 6.20 -0.27 -4.34
105% bullage 9.56 9.72 -0.08 -0.82
140% bullage 12.64 13.34 0.20 1.51
Aanderaa 4330
Définition de I'essai Optode Aanderaa 4330 n°184
empérature Oxygene Winkler Données optodes Linéarité
mg/| mg/| (performance attendue < 2.5% ou 0.1 mg/|)
°C % Moyenne Moyenne mg/| %
0% bullage --> 14% 1.54 1.32 | 0.17 13.01
35% bullage 3.85 3.57 -0.06 -1.67
20 70% bullage 6.49 6.26 | =018 =294
105% bullage 9.56 9.65 -0.08 -0.82
140% bullage 12.64 13.17 0.15 1.16
Définition de I'essai Optode Aanderaa 4330 n°325
Température Oxygene Winkler Données optodes Linéarité
mg/I mg/I (performance attendue < 2.5% ou 0.1 mg/I)
% Moyenne Moyenne mg/| %
0% bullage --> 14% 1.54 1.27 0.26 20.16
35% bullage 3.85 3.46 -0.08 -2.40
70% bullage 6.49 6.15 -0.28 -4.55
105% bullage 9.56 9.65 -0.13 -1.31
140% bullage 12.64 13.37 0.23 1.75

B
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OTT DS5X

~ Définition de I'essai OTT DS5X
Température Oxygene Winkler Données optodes Linéarité
mg/I mg/I (performance attendue < 2.5% ou 0.1 mg/I)

% Moyenne Moyenne mg/I %
0% bullage --> 14% 1.54 1.40 -0.02 -1.09

35% bullage 3.84 3.75 0.00 0.07

70% bullage 6.47 6.42 0.01 0.17

105% bullage 9.58 9.58 0.02 0.25
140% bullage 12.63 12.62 -0.02 -0.19

OTT MS5
inition de I'essai OTT MS5
Salinité Température Oxygene Winkler | Données optodes Linéarité
mg/I mg/| (performance attendue < 2.5% ou 0.1 mg/l)
°C % Moyenne Moyenne mg/| %

0% bullage --> 14% 1.54 1.40 -0.02 -1.26

35% bullage 3.84 3.77 0.01 0.23

70% bullage 6.47 6.44 0.01 0.21

105% bullage 9.53 9.55 0.01 0.12

140% bullage 12.63 12.66 -0.02 -0.13
leeting — Paris/LOCEAN, 09/28/15 27




Définition de l'essai

Aanderaa 3835

Optode Aanderaa 3835 n°1199

fremer

Température Oxygene Winkler Données optode | Correction Effet température
(performance attendue < 2.5%)
°C % umol/I umol/I umol/I umol/I %
0 68.4% bullage 335.81 309.56 26.25 37.77 12.20
6 80.32% bullage 324.57 310.75 13.82
12 100% sans bullage 328.18 323.74 4.44
18 105.6% bullage 308.01 308.23 -0.22
25 121.07% bullage 311.26 322.78 -11.52
Aanderaa 4330
Définition de |'essai Optode Aanderaa 4330 n°184
Température Oxygene Winkler Données optode | Correction Effet température
(performance attendue < 2.5%)
°C % umol/I umol/I umol/I umol/I %
0 68.4% bullage 316.534 335.81 19.276 25.496 7.59
6 80.32% bullage 312.165 324.57 12.405
12 100% sans bullage 323.566 328.18 4.614
18 105.6% bullage 308.12 308.01 -0.11
25 121.07% bullage 317.48 311.26 -6.22
Définition de I'essai Optode Aanderaa 4330 n°325
Température Oxygéne Winkler Données optode Correction Effet température
(performance attendue < 2.5%)
°C % umol/I umol/I pumol/I pumol/I %
0 68.4% bullage 335.81 308.606 27.204 39.884 12.92
6 80.32% bullage 324.57 304.482 20.088
12 100% sans bullage 328.18 318.914 9.27
18 105.6% bullage 308.01 308.279 -0.269
25 121.07% bullage 311.26 323.94 -12.68
eeting — Paris/LOCEAN, 09/28/15 28
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OTT DS5X
‘ Définition de |'essai OTT DS5X
Salinité Température Oxygene Winkler Données optode | Correction Effet température
(performance attendue < 2.5%)
°C % mg/| mg/I mg/| mg/| %
0 68.4% bullage 10.26 10.62 0.36 0.37 3.48
6 80.32% bullage 10.06 10.27 0.21
12 100% sans bullage 10.27 10.35 0.08
18 105.6% bullage 9.69 9.74 0.05
25 121.07% bullage 9.86 9.85 -0.01
OTT MS5
Définition de I'essai OTT MS5
Salinité Température Oxygene Winkler Données optode | Correction Effet température
(performance attendue < 2.5%)
% mg/| mg/| mg/| mg/| %
68.4% bullage 10.42 10.62 0.2 0.21 1.98
80.32% bullage 10.17 10.27 0.1
100% sans bullage 10.33 10.35 0.02
105.6% bullage 9.75 9.74 -0.01
121.07% bullage 9.86 9.85 -0.01
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atrix effects: chlorine

Réponse d'une optode Aanderaa 4330 al'injection de differentes doses de
javel.Essain’1

297
296.5 ¢
296 7
295.5
295
294.5 &
294
293.5

293 T T T T )
0 500 1000 1500 2000 2500

Temps en secondes

Réponse d'une optode Aanderaa 4330 al'injection de differentes doses de
javel. Essain°2

0, enpmol/I

0 500 1000 1500 2000 2500 3000

Temps en secondes

?n de 226uL d'eau de javel a 9,6% de chlore actif 30
nde p ”{/é sk évjavge/?s/g%% de chlore actif




light
Aanderaa 3835

Optode 3835 métro, non soumise a la lumiére

0, en umol/I

0, en umol/I

Optode 3835 s/n 1199

© Optode non éclairée
Optode éclairée
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Aanderaa 4330

Optode 4330 LPO, non soumise a la lumiére

0, en pmol/I

0, en pmol/I

Optode 4330 LD

282.5
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Optode éclairée

282 I

0

200 400

600

800

1000

g — Paris/LOCEAN, 09/28/15




U < tolerance % (proposed in prEN 16479-2)

=N 16479-2 indicates also field test procedures and
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2 — Up to date practices

3 — Performance testing

Alternatives
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Alternatives...

In situ calibration

se of several non calibrated sensors and statistical
ost-processing the data - ...low cost sensors ?

to be more efficient in metrology ?

3think the roles or activities of oceano institutes, NMI,
sultancy companies and manufacturers (! SME)

\ .(:_\\

uild collaborations, find ways/structures to exchange

}\\
O 0
ceting — Paris/LOCEAN, 09/28/15 35

ose trainings, audits, ILC, transfer of know-how




Thanks for your attention
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