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Dceanographic recognized references: \

¢ World Ocean Circulation Experiment recommendations
990-1998)

rench reference literature: “Hydrologie des écosystemes

5

Sampling description

arin. Paramétres et analyses” - Editions I[fremer
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|0, solution: Na,S,0; calibration
a,S,0, solution: |, titration
eagent 1: MnCl,

2agent 2: NaOH / Nal

gent 3: H,SO,
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‘Winkler Analysis “1fremer

o Winkler analysis: Sampling
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Winkler Analysis

V inkler analysis: Sampling

sting — Paris/LOCEAN, 09/28/15



4 nkler Analysis
|

‘Winkler analysis: Waiting and storage...

e
)
/

".';';Waiting irt - ... Still many practices

4 hours before analysis

Immediate analysis

condition: distilled water around the stopper

time: only one day / several days
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Metrohm titrino plus 848

Gilson pipetman pipette

THD §
[ Blanks ! ]
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flac : volume du flacon d’échantillonnage,

" V/réac : volume total des réactifs introduits dans le flacon*,
ch : volume d’échantillon titré (<Vflac),

ech : volume de thiosulfate utilisé pour titrer I'échantillon,
etal : volume de thiosulfate utilisé pour I'étalonnage,

h : volume de thiosulfate correspondant au blanc des réactifs pour
antillon,

| : volume de thiosulfate correspondant au blanc des réactifs pour
onnage,

. Oxygene ajouté par les réactifs 1 et 2.
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inkler Analysis

Winkler analysis: results

CALCULS POUR LES DOSAGES WINKLER

D'aprés I'ouvrage hydrologie des écosystémes marins paramétres et analyses d'Alain Aminot et Roger Kérouel édition de 2004

Acquisition du thiosulfate Numéros flacons Acquisition du thio échantillonnage Acquisition temp, salinité
permeettant de
Etalonnage du thio ml connaitre le volume N° Flacon thio echant. (ml T Sal
1 4963 exact des flacons 4 8,685 200 0
2 4,961 5 8,747 200 0
3 4962 6 8,930 200 0
4 4968 Volume dosage
5 4953 i
Moyenne 1561 thiosulfate Volume dosage flacons Paramétres influencant
la mesure
Résultats thio échantillonnage Résultats de tet S Résultats complémentaires
Flacon 02mgy/l 02 ml/l température °C Salinité 02 Sat ml/I 02 Sat_muy/l 02 Sat_pmol/l % sat
flacon 4 9,00 6,30 20,0 0,0 6,36 9,09 284,15 98,9
flacon 5 9,00 6,30 20,0 0,0 6,36 9,09 284,15 99,0
flacon & 9.00 6.30 20,0 0,0 6,36 9,09 284,15 99,0
Résultats concentration flacons Concentration de saturation en plusieurs unites
Résultats moyennés
02myg/l 02 ml/l température °C Salinité 02 Sat ml/l 02 Sat my/l 02 Sat pmol/l % sat
moyenne 9,00 6,30 20,00 0,00 6,36 9,09 284,15 98,97
Constantes en ml Isiatis‘tiques acquisition du thiosulfate statistiques acquisition 02 {mg/l et ml/l)
V thio étalonnage 4 96 ml moyenne 4,961 moyenne 02 (mg/l) 9,00
Volume retiré 0,00 ml ecart type 0,005 ecart type 02 (mg/l) 0,003
Volume de 1 réac 1,00 ml mini 4,953
Blanc d'étalonnage 0,04 ml Blancs maxi 4,968 moyenne 02 (ml/l) 6,30
Blanc d'échantillon 0,04 ml chimiques maxi-mini 0,015 ecart type 02 (ml/l) 0,002
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inkler Analysis

o Winkler analysis: uncertainty (GUM)

Fiche de synthése de I'incertitude sur la mesure Winkler

| Volume du flacon (mL) : 159.326059 |V Thio échantillon (mL) : 9.980 |

Variance en
¢ i i f. divi Incertitude- 1 itude-
B Ie e mesure Incertitudede la composante Provenance et infos Traitement de la Coeff. diviseur de [ Incertitude-type de la Coeff. de sensibilité "Incermude type en" “(mesure du pont)?
surla p nte p nte U(X;) composante 'mesure du pont (X) (Xz)"
u=(@Y/9Xi)% uj u?
U(X;) ki u; = UX)k; Y/OX; (sans dim) (sans dim)
1% Puretée Produit Loi normale 2 0.005 - 0.1 5.00E-04 2.50E-07
Precision balance 1.00E-02 mg Donnée constructeur 1 sigma 1 1.00E-02 mg 2.804E-05 2.80E-07 7.86E-14
Linearité balance (de ...a...°C) 1.00E-01 mg Donnée constructeur 1 sigma 1 1.00E-01 mg 2.804E-05 2.80E-06 7.86E-12
Repetabilité balance 3.00E-02 mg Donnée constructeur 1 sigma 1 3.00E-02 mg 2.804E-05 8.41E-07 7.07E-13
Etalonnage balance Sans objet - Donnée d'étalonnage Loi normale 2 - - - - - -
4.00E-04 L Classe A Loi rectangle 2 2.31E-04 L 0.1 2.31E-05 5.33E-10

ormalité du KIO3) (= k u, ) U=+- 1.00E-03 avec [ k= 2 w=2wd)

Arrondi de U(Normalité KIO3) :
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U=+/- 3.70 pmol/L 11




’ inkler Analysis

Winkler analysis: uncertainty
U (Winkler) = 4 ymol/l at 440 pmol/l (0.13mg/l at 14 mg/l)

2— S ampleB[ank )/4 X N v |/
Cowela 7| Reqgents) | ™\ Repuaturiit
Y $‘\0.00% ' ;
wle /’\ ________________ . 2.01%
64.75% Repeatability
74% 77.03% 071%
6.75% &)
— U=x4pmol/l (=
+0.13mg/l) 20.887
k=2 - v-\\
| | N 0.00%
) - - 0.01%
Gravimetric Winkler: U/2

I.Helm, L.Jalukse, I. Leito, Anal.

. ) 0.25%
Chim. Acta. 741 (2012) 21-31. o~ Repeatabily &




ssolved oxygen calibration:

[ ) Issues still to be solved:

Substance matrix: seawater

Winkler’'s method overestimates dissolved oxygen in seawater:
odate interference and its oceanographic implication. George
I Wong and Kuo-Yuan Li, Marine Chemistry, 2009, vol.115, n
=2, pp-86,91)

Lack of understanding of optical sensors (optodes)
behaviour (interferences, corrosion issues,

. Interactions with some materials, ...)
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2 — Inter Laboratory Comparisons
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nter Laboratory Comparisons

éControI Winkler sampling protocols on boat
~ Control Winkler analysis methods

sy
[
Lt 1T
1YY
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/ ¥ n

nnual and local ILC: Ifremer (2 laboratories), IRD,
RS

nformal ILC (no ILC accreditation, uncertainty,

statistical analysis, ...)

Bl6gy European projects (EMPIR):
in the framework of the ENV05 project
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Inter Laboratory Comparisons

se ILC:

f_nnual and local ILC: Ifremer (2 laboratories), IRD,
CNRS
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g

Free ILC:

fremer

Labo Analyse : LPO [O2] Labo Analyse : METROLOGIE [02]
Temp Echan{ N°Flacon [Prélevé par: Niskin  [Temp Echant| N°Flacon |Prélevé par:
9.4 321 LPO 6.328 Niskin 1 16 Métrologie 6.299
9.4 324 LPO 6.357 Niskin 1 17 Métrologie 6.295
9.4 325 LPO 6.361 Niskin 1 18 Métrologie 6.305
6.349 6.300
0.018 0.005
283 SBR 6.362 Niskin 3 287 SBR 6.332
285 SBR 6.111 Niskin 3 288 SBR 6.326
286 SBR 6.069 Niskin 3 289 SBR 6.33
6.181 6.329
0.158 0.003
M¢étrologie 6.329 Niskin 3 9.4 339 LPO 6.345
M¢étrologie 6.332 Niskin 3 9.4 340 LPO 6.339
10 M¢étrologie 6.331 Niskin 3 9.4 346 LPO 6.354
6.331 6.346
0.002 0.008
‘?i.s;\ 9.5 181 IRD 6.344 Niskin 4 9.5 184 IRD 6.295
9.5 182 IRD 6.338 Niskin 4 9.5 185 IRD 6.31
9.5 183 IRD 6.541 Niskin 4 9.5 186 IRD 6.302
6.408 6.302
0.116 0.008
2 Meeting — Paris/LOCEAN, 09/28/15 17




iter Laboratory Comparisons

MIRP ILC: (ENV0S5 Ocean project: Metrology for ocean
glinity and acidity)

> Held the 23/04/2014 by SYKE (finnish NMI) and
- University of Tartu (Estonia).

21 participants from 10 institutes:

« 5 winkler (with 1 analyzed in lab) + reference
winkler

18 dissolved oxygen sensors

Field measurements of dissolved oxygen concentration

Mirja Leivuori, Teemu Naykki, lvo Leito, Irja Helm, Lauri Jalukse, Lari
Kaukonen, Panu Hanninen and Markku lImakunnas
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nter Laboratory Comparisons
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nter Laboratory Comparisons

Estonie

Estonian Marine Institute
University of Tartu

Finlande

EHP-Tekniikka

HSY Kayttolaboratorio Pitkakoski

Hyxo Oy

SYKE Laboratory of Hakuninmaa, HelsinKki
SYKE Marine Research Centre, Helsinki
SYKE Freshwater Centre, Oulu

France

IFREMER

Allemagne

Federal Maritime and Hydrographic Agency
Germany

Suéde

Sweden Stockholm University, Department of
Ecology

Environment and Plant Sciences Umea Marine
Sciences Centre
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n Reference Winkler

Sensors for homogeneity

3 winkler samples for each lab and depth

.......
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l

nter Laboratory Comparisons

wedish Winkler

sy

German Winkler Ifremer Winkler

Meeting — Paris/LOCEAN, 09/28/15



er Laboratory Comparisons

Reference Winkler

u Effective .
Uc Number of Ue Assigned k (95%
o Rosette no Co2 e (Cozwink) | values | |(Coz_wink_averaged = e value, Coz coverage U(Coo)
(m) [mg/l] . vessels) || [mg/l] of = [mall]
[mgll] obtained [ma/l] (mgll] froadom [mall] probability)
al 14.932 17
averaged
1 14.875 0.047 4
5 4 14.966 0.040 4 0.051 0.101 0.11 47 1493 278 0.31
7 14.843 0.075 4
10 15.067 0.039 5
al 13.794 16
averaged
1 13.825 0.038 <
23 4 13.748 0.049 4 0.045 0.033 0.06 16.9 13.79 212 0.12
7 13.793 0.039 <
10 13.811 0.054 4
al 13631 14
averaged
1 13533 0.089 3
40 4 13.679 0.038 4 0.054 0.063 0.08 84 13.63 2.3 0.19
7 0.044 3
0.043 4
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ﬁter Laboratory Collf1r1 arisons

mer Winkler

Laboratory 20
Analyte Unit |Sample 3. .0. .3 z score Assigned value 2*s,, % Lab's result Md Mean | SD| SD% | n (stat)
02 mg/l |D1_05 I -0.276 14.93 £ 0.31 8 14.77 1490 | 1490 (03] 21 22
mg/l |D2_23 | -0.027 1379 £0.12 8 13.78 1370 | 1379 [05] 33 20
mg/l |D3_40 | 0.073 1363 £0.19 8 13.67 1363 | 1370 [05] 36 17
Other labs Winklgr
Laboratory 11
Analyte [unit Sample 3. 0. 3 z score Assigned value 2*sp, % Lab's result Md Mean | SD| SD% | n (stat)
02 mg/l |D1_05 [l 0.368 14.93 8 15.15 1490 | 1490 (03] 21 22
mg/l |D2_23 [ 0.208 13.79 8 13.91 1370 | 1379 |05] 33 20
mg/l |D3_40 0 0.495 13.63 8 13.90 1363 | 1370 |05] 36 17
Laboratory 14
Analyte Unit |Sample 3. 0. 3 z score Assigned value 2's,, % Lab's result Md Mean | SD| SD% | n (stat)
02 mg/l |D1_05 | 0.100 14.93 8 14.99 1490 | 1490 (03] 21 22
mg/l |D2_23 [ 0.354 13.79 8 13.99 1370 | 1379 [05] 33 20
mg/l |D3_40 | 0.293 13.63 8 13.79 1363 | 13.70 |05| 36 17
Laboratory 24
Analyte Unit |Sample 3. .0. .13 z score Assigned value 2%sp, % Lab's result Md Mean | SD| SD% | n(stat)
02 mg/l |D1_05 [ -0.469 14.93 8 14.65 1490 | 1490 | 03| 21 22
mg/l |D2_23 0 -0.411 13.79 8 13.56 1370 | 1379 |05 33 20
mg/l |D3_40 i -0.267 13.63 8 13.48 1363 | 1370 |05 36 17
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JQuality system: ISO/IEC 17025

[T
/ A

! 1iE1er s

151

y A

nical part:
Range: -10°C to +60°C (14°F to 140°F)

Fresh water or
with U= +/-4m°C to 13m°C seawater bath

tive P: Range: 0.1 MPa to 80MPa
with U # 1.104 x Pr

Pration activity: 250 sensors / year

Pressure balance
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tygen multi level calibration
- bench: description
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Fresh water or
seawater

Temperature
Homogeneity:
0.005°C
Stability:
0.001°C

volume: 65 |
xD =70 x 28 x 33 cm (27.5 x 11 x 13 in))

ial range: from -10°C to 110°C
) range: from -1.5°C to 40°C

VR
SR
R

ting — Paris/LOCEAN, 09/28/15 ~



— i“ml»y ¥ ' n’:v .
1d N, mass flow meter/controller '
. rium air stones i
) I
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- Bench characterization

'. = Decrease and stability analysis
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00% to 50% level (= 500uM to = 240uM)

Decrease from 100% to 50%

(= 500uM to = 240uM at 3°C/37°F)

0 I I I I I I I I
0:00 1:00 2:00 3:00 400 500 6:00 7:00 800 9:00

Time (hours)
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00% to 50% level (= 500uM to = 240uM)

Decrease from 100% to 50%

(= 500uM to = 240uM at 3°C/37°F) - Zoom

239
Stability after 3h \ Sampling effect
5238,5 — to 4h regulation
: \
ON 238 \ pP, 0
[¢})
:'é 237.,5 N
(o}
237 - — —
2h30 stability
236,5 <€ [ [ > T T
2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00

Time (hours)

eeting — Paris/LOCEAN, 09/28/15 34




tability overview

N [

\

- 140% level (= 383uM) 100% level (= 277uM)

" S 277,5

| E!
ON
== 277,0 >
()
©
o
|3

, , , O 276,5 T T T
3:00 4:00 5-00 18:00 19:00 20:00 21:00
Time (hours) Time (hours)
Stability < 0.5 yM within 1h
% level (=~ 139uM) 0% level (= 2uM)
-~ 2,0
=
=
ON
(V)
©
5
T T 1 8. 1,5 T T T 1
1:00 2:00 3:00 4:00 11:00 12:00 13:00 14:00 15:00
Time (hours) Time (hours)
R AN
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- Bench characterization

'. = Decrease and stability analysis
'= Stability length
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asting stability

80 % level (= 367uM at 3°C/37°F)

19h00 stability |

5:00 10:00 15:00 20:00 1:00
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Time (hours) Several hours stability W
~
s )
0% level (= 4uM at 3°C/37°F)
i 4,0
ON
-+ 3,5 —
[}
1 t
14h00 stability a2l | | | | |
0:00 4:00 8:00 12:00  16:00  20:00
‘tf?‘: Time (hours)
R 3 \_ J



* Bench characterization

k- Decrease and stability analysis
= Stability length

= Lowest level

X \\ o
O
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ywest level

Lowest level achieved

/

"

Time (hours)

0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00

)

ﬁ

Airtightness
improvement

Jéoom in

4:30

5:00

Time

5:30

6:00

6:30
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pwest level

<
0% level (= 2uM)
(Winkler = 1.74uM or 0.4%)
9:00 13:00 17:00 21:00 1:00
Time (hours)
J

Low level = OuM or 0% W
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- Bench characterization

8. Decrease and stability analysis
= Stability length

= Lowest level

Bubbling vs natural 100%

X \\ o
O
’73} Paris/LOCEAN, 09/28/15 41



bpling vs natural 100%

-
Bubbling 100% level (= 277uM)
S 277,5
=2
ON
B277,0 ~2
©
(o)
13
O 276,5 I I T
18:00 19:00 20:00 21:00
Time (hours) No stability benefit
N\
Natural 100% level (=~ 420uM at 3°C/37°F)
_421,0
E
=4205 e
o
o 420,0 SR ——
(o)
rey 419,5 T |
- 0:00 1:00 3:00
Time (hours)
J
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. Bench characterization
I . Decrease and stability analysis
= Stability length

= Lowest level

Bubbling vs natural 100%

0, homogeneity

X \\ o
O
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Winkler samples O

1
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Bfront of the bath

Oback of the bath

back of the bath

15,0
Position cm 525

front of the bath

N

back of the bath

15,0

front of the bath
Position cm 525
-

AN

g ~ Paris/LOCEAN, 09/28/15
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Ofront of the bath
Oback of the bath

Y J
- I
£ =0, - O,ref
MM
0,0
-0,5
back of the bath
-1,0
15.0 front of the bath
or 52,5
L Position cm )
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i € =0, ;woz"ef Ofront of the bath
0% level 0.5 Oback of the bath

back of the bath

15.0 front of the bath

Positioncm 525

\_
s Homogeneity < 2uM W
HM 10
oo )
00 0,27
back of the bath
-0,5
front of th th
15.0 ront of the ba
Position cm 52,5

\_ J
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- Bench characterization

Conclusions

. .Stability:
- < 0.5 yM within 1 hour
- long stability levels

owest level: nearly 0%
homogeneity: < 2uM (! first results)

portance of airtightness

eting — Paris/LOCEAN, 09/28/15 48



' Bench characterization

/9 "/'

1) F
/ /‘
/i [
7 [ f g
ey
/. [ g

Perspectives

o omplete 0, homogeneity testing
Complete testing of temperature and salinity influence

mprove sampling method

ild uncertainty budgets

eting — Paris/LOCEAN, 09/28/15 49



Optode calibration

First results
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ptode 3835 n°1161

=
Comparison optode 3835 n°1161 / Winkler

20 17,31
§ 15 /__/13:‘37 17,2
3 10,81 13,63
2 10 At
D ’
£3 /]
3 O
o O
e 6/
@ 0 F
% -olb5 100 200 300 400 500
()

-5

Winkler: O, (uM)
—*—winkler-optode (from 140% to 0%) —*winkler-optode (from 0% to 140%)
Y,
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ptode 3835 n°1199

Comparison optode 3835 n°1199 / Winkler

25
o 19006
T 20 i
S / 19
|
[T /
=S 9,89 — | 13,50
§ =10
~ 10,14
g0 e
P 5 /
o
g 4 17/
o) 50 100 150 200 250 300 350 400 45

1
—

17

Winkler: O, (M)

—*—winkler-optode (from 140% to 0%) —*winkler-optode (from 0% to 140%)
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ptode 4330 n°184

w
(®)

Difference winkler-optode
O, (uM)
- - N N w
(@] o a1 o (@)} o

Comparison optode 4330 n°184 / Winkler

29,88
271,630
/
~ 21,58
942
10,39

-~

N
w
Qo

o

Q/ 50 100 150 200 250 300 350 400 450

¢n

N
w
(0]

Winkler: O, (M)

—*—winkler-optode (from 140% to 0%) —®winkler-optode (from 0% to 140%)
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Optode calibration

Conclusions and perspectives

heck for optode conditions of use
,Perform calibration repeatability
uild uncertainty budgets

ook for ILC

an O, membrane sensor calibration

eting — Paris/LOCEAN, 09/28/15 54




" Thanks for your
attention



