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Introduction
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4 Best practices: commercial or professional procedures that are accepted or prescribed 

as being correct or most effective

Robinson et al. 2015

• Perennial

• Impact: the variable addresses climate, operational 

ocean services and ocean health and also contributes 

to understanding from a scientific perspective or 

application from a service perspective.

• Feasibility: it is technically, politically 

and economically feasible to observe 

or derive the variable on a global scale 

using proven, scientifically understood 

methods.

• Some also are Essential CLIMATE 

variables: characterize Earth Climate

GOOS web page

Introduction

basic BGC EOVs

https://www.goosocean.org/index.php?option=com_content&view=article&id=283&Itemid=441
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5 Basic BGC EOVs

- Historically measured

- Sound BP 

- Involved in all ocean processes

- Useful at any temporal / spatial scale

- Sensor development, to be installed in 

different platforms 

- Discrete measurements always needed

MOORING

Introduction

Chai et al 2020
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OUTLINE

1. Common  best practices for bBGC EOVs

2. Specific BP for dissolved oxygen

3. Specific BP for inorganic nutrients

4. Specific BP for CO2 variables

5. Easy reporting, formatting: metadata & data

6. Easy primary Quality Control (QC)

7. Examples of BAD practices / results 
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1. Common  best practices for bBGC EOVs

BGC 
DATA 

Sampling

Analysis
at lab

Processing 
raw data

BGC 
Expertise

Data 
reports

Scientific
Papers

Working
Groups

SAMPLING & STORAGE & TRANSPORT

- As important as having reference materials!!

- Read the Standard Operational Procedure

(SOP)

- Adapt the SOP to your circumstances

- Check all reagents prepared first

- Sampling = Training, training and training

- Make a video and never trust a newcomer

- Prepare your SOP, your WIKI with all the details

(hard work but useful!!)

- Prepare reproducibility exercises (competition) 

for the samplers

- At the beggining qualified technitians need to

KEEP an EYE on the sampling procedures

around the rosette for example

- Water is terrible it escapes! Flows through the

tiniest holes… 

- Transport companies can be mad; FOAM!, 

PARAFILM, bubble wrap

http://wiki.ieo.es/


First DBCP Mediterranean Training Workshop on Ocean Observations and Data Applications-Part 2,  Tunis, 2-4 May 2023

8

2. Specific BP for dissolved oxygen

REF: Langdon (2010)

SAMPLING

- Flared neck flasks with long stopper – should be volume calibrated 

referred to 20ºC 

- Note the draw temperature – important for deep stations

TMP differences > 2.5ºC ≈ 0.1% in O2

STORAGE & TRANSPORT

- Cool and dark place, water in the flared neck

- Cumbersome transport!, no turn around the BOX

- Maximum storage 1-2 months, but not recommended

https://www.go-ship.org/Manual/Langdon_Amperometric_oxygen.pdf
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2. Specific BP for dissolved oxygen

REF: Langdon (2010)

ANALYSING

- Air conditioning if possible, record 

temperature in the lab

- Be aware of CHEMICAL RISKS

- Bring the sampling sheets

- Use a notebook to mark and take NOTES

- Check the bubbles in the line of the 

titration solution (run junk samples at 

beginning)

- Prepare your standard with KiO3 or buy it 

from OSIL 

- Blanks are a pain but needed

- All volumetric material needs to be 

calibrated at least every two years.

- Make long long batch (same day many 

samples) of analysis to profit the 

standarization

-

- No internal laboratory standard or substandard 

can really be used!

- NOTES on every change of reagents 

https://www.go-ship.org/Manual/Langdon_Amperometric_oxygen.pdf
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2. Specific BP for dissolved oxygen

PROCESSING

- Excel or whatever but the same 

checked template 

- Check the notes

- Report on international units for dissolved 

oxygen CONTENT … umol /kg .. MASS units

REPORTING (for your shelf!)

- The report can also be a template with 

detailed information .. But always the 

same information 

REPORTING (for others!!)

- Minimum and concise information

Table 1. Temporal evolution of the thiosulfate concentration and reagent blank along the cruise. CV 

stands for Coefficient of Variation and STD for standard deviation. 

 

Batch Date 
Thiosulfate 

batch 

Thiosulfate standardizations Reagent Blank N 
analises Molarity20ºC CV*100 ml STD*100 

1 13-7-20  1 0.027354 0.12 0.010 0.48 81 

2 14-7-20   1 0.027282 0.09 0.006 0.05 50 

3 15-7-20 2 0.027119 0.01 0.009 0.28 87 

4 17-7-20   3 0.027107 0.15 0.011 0.26 97 

5 19-7-20 3 0.027454 0.18 0.016 0.28 78 

6 22-7-20 4 0.027776 0.15 0.007 0.06 84 

 

Table 2. Dissolved oxygen determinations (umol.kg-1) for replicated samples at stations 18, 76, 

108 and 109. 

 

Station_cast_btl Press Salinity O2 umol/kg Diff O2 Diff Sal 

18_16_5 1399.96 35.4957 219.11   
18_16_6 1400.50 35.4948 219.64 0.53 0.0009 

18_16_7 1400.23 35.4946 219.24 0.13 0.0011 

18_16_8 1400.60 35.4946 219.18 0.06 0.0000 

18_16_9 1400.32 35.4952 219.12 0.07 0.0006 

109_11_2 4749.52 34.8955 243.26   
109_11_3 4749.95 34.8955 242.78 0.48 0.0000 

76_24_6 300.575 35.5720 213.02   
76_24_6 300.575 35.5720 212.96 0.06 0.0000 

76_24_6 300.575 35.5720 210.68 2.28 0.0000 

76_24_6 300.575 35.5720 214.05 3.37 0.0000 

76_24_6 300.575 35.5720 209.71 4.34 0.0000 

108_12_2 4399.62 34.8972 242.41   

108_12_3 4399.76 34.8972 242.36 0.05 0.0000 

 

(1) OXYGEN 

Potentiometric titration with  Metrohm Titrando system with 5 ml burete coupled with 
a Metrohm Dosino, blanks determined, following Langdon (2010), 

standarization with OSIL KIO3 0.01 N, precision better than  ±1 µmol/kg from replicate 
analysis
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2. Specific BP for dissolved oxygen

Discrete meas. always needed!
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3. Specific BP for inorganic nutrients (uM, NO3+2, PO4, SiO2)

REF: Becker et al. (2020)

SAMPLING
- New sterile plastic High Density Polyethylene (HDPE) or Polypropylene (PP) (12-20 mL) 

- Recycling tubes / containers is possible .. Cleaning investment

- NO smokers allowed

- Better NO gloves, that any gloves, …. Best .. Powder free vinyl gloves

- Avoid spigot from niskin bottles, or use clean silicon tube

- Buy a labeler is worthy!!

STORAGE & TRANSPORT
- Particles interferences: centrifugation or filtering (0.45 um filter)

- Analysis of FRESH samples is highly recommended .. But sometimes impossible

- Best option up to now: freezing … 

- Leave a headspace for expansion of seawater

- Tight caps

- Always upright till really frozen

- Buy many tube racks (sampling, organizing, freezing)

- Ziploc bags to store sets of tubes in horizontal

- Other options of storage to be tested in EuroGO-SHIP

https://repository.oceanbestpractices.org/handle/11329/1023
https://eurogo-ship.eu/about-eurogo-ship/
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3. Specific BP for inorganic nutrients

REF: Becker et al. (2020) and also

Highly reccomended to understand PRINCIPLES of the Continous Flow Analysis for

inorganic nutrients in seawater =>  Aminot and Kerouel (2007)

ANALYSIS
- N2 carrier / pumps / glassware / detector

- Many reagents

- Primary / secondary / working (mixed) 

standards

- Waste management

https://repository.oceanbestpractices.org/handle/11329/1023


First DBCP Mediterranean Training Workshop on Ocean Observations and Data Applications-Part 2,  Tunis, 2-4 May 2023

14

3. Specific BP for inorganic nutrients

QUALITY CONTROL AND ASSESSMENT
Internal control using
- Tracking sample / substandard lab prepared

- External , bought as CRMs or RMs (KANSO, 

KIOST, MOOS) optimal to our content range !!

- MedSea .. Very low uM so difficult!!

Final control using
- Primary QC – visual inspection, prop-prop plots

- Secondary QC – comparison to other data in 

área / time

Secondary QC 

Secondary QC 



INTERNAL LAB SUBSTANDARD: coastal water filtered

REFERENCE MATERIALS : LOW AND HIGH CONCENTRATION
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3. Specific BP for inorganic nutrients

REPORTING

Becker et al. (2020)

Table 1. Mean and standard deviation (STD) values for the #CE and #CG RMN analysis 

performed for the 5 RADPROF batch of analysis. 

RADPROF 
RMN # CE 

Mean±STD  
µmol/kg 

certified value 
µmol/kg 

Nitrate 0.02±0.03 0.01±0.03* 

Nitrite 0.022±0.01 0.016±0.009 

Silicate 0.00±0.32 0.06±0.09* 

Phosphate 0.030±0.036 0.012±0.006* 

RADPROF 
RMN # CG 

Mean±STD  
µmol/kg 

certified value 
µmol/kg 

Nitrate 24.4±0.34 23.7±0.2 

Nitrite 0.06±0.01 0.06±0.03 

Silicate 57.431±0.7 56.4±0.5 

Phosphate 1.67±0.07 1.70±0.02 

 

Mean and standard deviation (STD) values for the surface seawater analysed for the 5 

RADPROF run of analysis.

RADPROF     SW 
Mean±STD  
µmol/kg 

Nitrate 10.84±0.11 

Nitrite 0.03±0.03 

Silicate 7.55±0.20 

Phosphate 0.33±0.02 

 

5 runs => 4 weeks

https://repository.oceanbestpractices.org/handle/11329/1023
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3. Specific BP for inorganic nutrients

Daniel et al. (2020)

Wish List

https://www.frontiersin.org/articles/10.3389/fmars.2019.00773/full


First DBCP Mediterranean Training Workshop on Ocean Observations and Data Applications-Part 2,  Tunis, 2-4 May 2023

17

3. Specific BP for inorganic nutrients

Discrete meas. always needed? .. Probably yes!

Western MedSea Example
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3. Specific BP for CO2 variables

Seawater CO2 system =>
acid base system  of minor constituent in 

seawater (<0.7%, <200 mg) 

+

+

DIC

pCO2

pH

Basic concepts!

)

REF: Dickson et al (2007)

Certified Reference Material CRM

CO2 software for calculated variables:  

Orr et al. 2015

Riebesell et al. (2011)

https://www.youtube.com/watch?v=Vw0DfHO5XcI
https://pubs.acs.org/doi/abs/10.1021/cr0503557
https://www.ncei.noaa.gov/access/ocean-carbon-data-system/oceans/Handbook_2007.html
https://tos.org/oceanography/article/standards-for-ocean-measurements
https://www.ncei.noaa.gov/access/ocean-carbon-data-system/oceans/Dickson_CRM/batches.html
https://www.biogeosciences.net/12/1483/2015/
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3. Specific BP for CO2 variables

Seawater CO2 system =>
acid base system  of minor constituent in 

seawater (<0.7%, <200 mg) 

+

+

DIC

pCO2

pH

Basic concepts!

)

CO2 software for calculated variables:  

Orr et al. 2018

Be careful 

• Total uncertainty 

assessment

• pH range?

Calculated pH

https://www.youtube.com/watch?v=Vw0DfHO5XcI
https://doi.org/10.1016/j.marchem.2018.10.006
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3. Specific BP for CO2 variables

Observing requirements, Ciais et al. (2014)
All ocean processes affect CO2 variables

QSR OSPAR, McGovern et al (2023)

Chai et al 2020

http://www.biogeosciences.net/11/3547/2014/
https://oap.ospar.org/en/ospar-assessments/quality-status-reports/qsr-2023/other-assessments/ocean-acidification
https://www.researchgate.net/publication/341575249_Monitoring_ocean_biogeochemistry_with_autonomous_platforms?enrichId=rgreq-219cfe8c7a269c123f7a98f26b67aa9b-XXX&enrichSource=Y292ZXJQYWdlOzM0MTU3NTI0OTtBUzo4OTM5ODg3MzEwOTI5OTJAMTU5MDE1NDkzMTAyMw%3D%3D&el=1_x_2&_esc=publicationCoverPdf
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3. Specific BP for CO2 variables

Chai et al 2020

Observing requirements, Ciais et al. (2014) Very promising tech (Johnson et al. 2017) BUT

Álvarez et al. 2020
Garcia Ibañez et al 2022 

NEED to go back to DISCRETE MEASUREMENTS and CHECK

pH DIC TA
pH DIC fCO2

- Method for TA

- Method for DIC

- Method for pCO2

- pH method

- Constants

- What???

mean pH offset 0.005

scatter  0.017

2000s era

2010s era

https://www.researchgate.net/publication/341575249_Monitoring_ocean_biogeochemistry_with_autonomous_platforms?enrichId=rgreq-219cfe8c7a269c123f7a98f26b67aa9b-XXX&enrichSource=Y292ZXJQYWdlOzM0MTU3NTI0OTtBUzo4OTM5ODg3MzEwOTI5OTJAMTU5MDE1NDkzMTAyMw%3D%3D&el=1_x_2&_esc=publicationCoverPdf
http://www.biogeosciences.net/11/3547/2014/
https://dx.doi.org/10.1002/2017JC012838
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.est.9b06932&ref=pdf
https://doi.org/10.1016/j.marchem.2022.104150
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3. Specific BP for CO2 variables

pH or not pH … ?¿?¿?

Álvarez et al. 2020

𝑖𝑚𝑝
434𝐴 = 𝑜𝑏𝑠

434𝐴 −
𝑒3

𝑒2
∗ 𝑜𝑏𝑠
578𝐴

Douglas & Byrne (2017)

https://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.est.9b06932&ref=pdf
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𝑖𝑚𝑝
434𝐴 = 𝑜𝑏𝑠

434𝐴 −
𝑒3

𝑒2
∗ 𝑜𝑏𝑠
578𝐴

S=34.4 & t=25ºC

DG14     0.05530

LIU11     0.05672

≃ (0.06 Abs) - 0.05xx ∙ (≃ 1 ABS)

434 A imp => Nearly zero or negative !!! 

3. Specific BP for pH – correcting impurities

e3/e2 from DeGrandpre et al (2014)

0.00417 ± 0.0008

UNPUR Sigma Aldrich #11517KC 
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3. Specific BP for pH – correcting impurities

0.00417 ± 0.0008UNPUR Sigma Aldrich #11517KC 

AGREMENT with PUR measurements

Clayton & Byrne 

(1993) equation

Muller et al 

(2018) equation

• Need to (even) check purified 
mCP

• Formerly used UNPUR mCP is 
needed to obtain 434Aimp

• Lab work
• Computer work to recover 

UNPUR mCP ABS and DeltaR

𝑖𝑚𝑝
434𝐴 =
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3. Specific BP for pH – correcting impurities

NE Atlantic pH time series – Depth > 2500 meters

What happens if no mCP is available??

STD ±0.004
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3. Specific BP for pH – correcting impurities

FEW DATA

What happens IN THE MEDITERRANEAN

HOPEFULLY TO BE RELEASED IN 2024

AIMS to be a consistent, calibrated

data product to serve 

oceanographers and stakeholders
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4. Easy reporting, formatting: metadata & data

Some reccomendations

- Create your template in excel for data & metadata

- Data

- Vocabulary, variables names

- International units

- Always the same format for basic time / space variables

- Always the same significant units for physical and BGC variables

- Metadata

- Basic info about cruise

- Basic info about each variable, methods, RMs?, precision and accuracy checks

- On line tool excel to CSV convertor by A. Velo (IIM-CSIC)

- Read Jiang et al. (2022)

https://colab.research.google.com/github/avelo/stuff/blob/master/excel2whpexchange.ipynb
https://doi.org/10.3389/fmars.2021.705638
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5. Easy primary Quality Control (QC)

Some reccomendations

- Create your template in excel for checking data but it is tiresome

- Each data sample should be referenced Station / Cast / Niskin bottle

- Tool by  Velo et al reads created CSV file         &                 ODV as well 

https://github.com/EuroGO-SHIP/AtlantOS_QC
https://odv.awi.de/
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6. Examples of BAD practices / results 

NUT: bad conservation .. Too long freezing Salinity: bad sampling/ conservation / 

analysis.. Who knows?

INOCEN’s fault!!



First DBCP Mediterranean Training Workshop on Ocean Observations and Data Applications-Part 2,  Tunis, 2-4 May 2023

30

6. Examples of BAD practices / results 

Somebody else’s fault!!

Guallart et al (2022)

Proposed BP not coherent with other CO2 variables

https://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.est.1c06083&ref=pdf
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7. CONCLUSIONS 

Best practices: could be misleading

basic BGC but not easy

Plea for cheaper / easier to

maintain / sustained BGC sensors

Hope for an easier access to CRMs

Hope for pH metrology
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