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ORAL PRESENTATION ABSTRACTS

(Listed in order of presentation at the event)

1. Célia Bento, Wepal-Quasimeme/Wageningen University & Research, Netherlands
Title: Introduction to Wepal-Quasimeme Quality assurance and Quality assessment
Author(s): Célia Bento

Abstract: WEPAL-QUASIMEME is part of Wageningen University & Research, the
Netherlands, and offers accredited (ISO 17043) proficiency testing programmes in
environmental matrices for laboratories worldwide. Proficiency testing (PT) determines
the performance of individual laboratories for specific tests or measurements and is
used to monitor laboratories’ continuing performance. Proficiency testing is also often
called interlaboratory comparison (ILC) and compares the measuring results obtained
by the participating laboratories. The WEPAL-QUASIMEME PTs form the basis of external
quality assurance for laboratories that regularly perform chemical measurements in the
terrestrial, aquatic and marine environment. Several accredited PT programmes are
offered to laboratories worldwide, covering a wide range of analytes in each program.

WEPAL-QUASIMEME also supplies samples from the PT programmes as reference
material. These can be used for method development or as reference samples for
internal quality control. Furthermore, WEPAL-QUASIMEME offers development
exercises, for e.g. new pollutants or problems with the analytical methodology, and
workshops for discussion and improvement of the methodology. Participants of WEPAL-
QUASIMEME can always ask for specific analytes to be included in a PT program or for
new matrices, and suggest development exercises and workshop topics for new topics,
e.g. new pollutants.

2. Koen Parmentier, RBINS, Belgium
Title: AQ15 - Results of 4 years intercalibration exercises for TA and DIC
Author(s): Koen Parmentier

Abstract: The reason for organising the OA interlab comparison was the result of the
previous WS, hosted in NOC in February 2016. At that time, there was only one CRM
worldwide that met the Quality Criteria posed by the research community, the one from
Scripps San Diego, offering a narrow concentration and salinity range and poisoned with
HgCl2, therefor forbidden in several countries. There was a need for an independent
test material, covering a wide salinity (Baltic, estuarine, coastal and open sea,
Mediterranean) and concentration range. RBINS’ lab ECOCHEM was invited to prepare
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several test batches and ended up in producing material in borosilicate glass with
sterile filtration as conservation.

Exercises started in 2021, the number of participants was originally at 35 but gradually
decreased to 24. The number of successful labs (Z-score < 2 in absolute value)
increased, and end of 2022, pH was added as a parameter to be reported. Until now, the
reported Method Information could not be correlated to the lab’s performances. The
purpose of the lab can also influence the score: some labs are very good in high salinity
water, some in low salinity water, some in both and some in none (for labs looking at
wider variations, this might not be a problem. Quasimeme will evaluate why labs quit,
and what could convince others to join the AQ-15 program.

3. Andrew Dickson, Scripps, USA
Title: The results of the 2017 interlaboratory comparison
Author(s): Andrew Dickson

Abstract: Not Available

4. Helen Findlay, Plymouth Marine Laboratory, UK
Title: The OSPAR - QSR Ocean Acidification report

Author(s): Evin McGovern, Jos Schilder, Helen Findlay, Yuri Artioli, Silvana Birchenough,
Sam Dupont, Ingunn Skjelvan, Morten D. Skogen, Marta Alvarez, Melissa Chierici, Pablo
Leon Diaz, Johanna Jarnegren, Karina von Schuckmann, Martina Stiasny, Janina Busher,
Jesper Philip Aagaard Christensen, Annika Grage, Luke Gregor, Matthew Humphreys,
Marc Knockaert, Manuela Krakau, Marta Nogueira, Soélveig Rosa Olafsdéttir, Marina
Carreiro-Silva, Pam Walsham, Steve Widdicombe, Alejandro Iglesias Campos

Abstract: The OSPAR Convention is the mechanism by which 15 Governments and the
EU cooperate to protect the marine environment of the North-East Atlantic. OSPAR’s
2020 - 2030 North-East Atlantic Environment Strategy established objectives for four
themes to achieve clean, biologically diverse, productive and sustainably used seas
that are resilient to climate change and ocean acidification. As a contribution to
OSPAR’s benchmark Quality Status Report (QSR) 2023, an expert group undertook a
comprehensive assessment of ocean acidification (OA) for the OSPAR Maritime Area.
OA variability and trends were assessed using multiple approaches including
observational data, regional reconstruction synthesis products, and a regional hindcast
simulation. An overall picture emerged of ocean acidification occurring across all
OSPAR regions, with pH and Qa.g rates varying widely, depending on location and
assessment tool used. There were few time-series stations of sufficient temporal
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coverage and length for assessing trends and many of these are in inshore areas and do
not measure sufficient parameters to calculate the full inorganic carbon system.

Our assessments highlighted that multiple stressors will continue to cumulatively exert
pressure on marine species and ecosystems, with repercussions for ecosystem
services in the OSPAR Maritime Area. This work considered the potential impacts of OA,
including on protected species and habitats as designated by OSPAR and on species of
commercial importance, and possible responses, including mitigation and adaptation.

5. Katherina Schoo, IOC-UNESCO

Title: Federated Database for Ocean Carbon Data: Update on global efforts for
metadata and data naming conventions

Author(s): Katherina Schoo and Kirsten Isensee

Abstract: The Intergovernmental Oceanographic Commission (IOC) of UNESCO is the
custodian agency for the Sustainable Development Goal (SDG) Target 14.3 and the
associated SDG Indicator 14.3.1 ("Average marine acidity (pH) measured at agreed suite
of representative sampling stations"). In this role, IOC-UNESCO is tasked with the
development of the Indicator methodology as well as the annual data collection
towards the Indicator and the reporting of the Indicator progress to the United Nations.
The methodology, developed with experts in the field, contains guidance on conducting
ocean acidification observations, as well as instructions on data management and what
kind of datasets to submit to IOC, to ensure the production of quality controlled global,
and possibly regional, products.

To facilitate the data collection, submission, and sharing process, the IOC is working
closely with representatives of national and international ocean carbon datacenters to
establish a federated data system. When this system is operational, databases will be
linked and datasets relevant to the SDG 14.3.1 Indicator will be automatically
exchanged between databases, thereby eliminating the need for data originators and
data managers to submit their data to more than one database. Efforts to align
metadata requirements and controlled vocabularies to enable this federation of
databases are underway.
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6. Florence Salvetat, IFREMER, France
Title: Uncertainty analysis and the MINKE ILC on pH
Author(s): Florence Salvetat

Abstract: The growing concern on ocean acidification has led the marine community to
strengthen the monitoring of carbonates variables. As such, scientists have taken more
and more interest in the total pH parameter, pHr. Indeed, this measurement has come
along with different possible in situ technologies that could afford better spatial and
temporal tracking. This renewed activity around the pHT marine parameter, has also
raised the question of data quality and pHT metrology. pHT data quality requirements
have thus been defined by the GOA-ON and subsequent Sustainable Development
Goals (Newton et al., 2015). Currently, the faintest requested standard uncertainty is
approximately of 0.003 pHT unit. As for many Essential Oceanographic Variables (EQV),
pHT is a specific marine measurand that is still not fully traceable to the International
System of units (Sl). This traceability is the only way to ensure comparability and
reliability of worldwide measurements. Several scientific bottlenecks have to be solved
concerning certification of reference materials, agreement on traceability routes and
uncertainties calculation and best practices on calibration and deployment.

To progress more rapidly towards the resolution of these data quality aspects, the
SapHTies and MINKE projects have proposed several actions and came out with several
results and suggestions. The SapHTies Euramet project (2020-2023) focussed on
improving the traceability and metrology of the pHT spectrophotometric reference
method as released in the ISO 18191:2015. MINKE H2020 project (2020-2024) lays the
foundations of a future marine metrology infrastructure gathering the different actors
involved in marine data quality. Through different Integration Activities (Networking,
Transnational-Virtual Access and Joint Research), the MINKE project highlights the
perspectives that a united enhanced community can offer.

This talk will present the InterLaboratory Comparison (ILC) exercises that the SapHTies
and MINKE projects have proposed to improve data quality aspects related to pHT
measurements. Experimental approaches, performance analysis, uncertainty
evaluation as well as organisational questions will be discussed and possible
improvements will be proposed.

References:

Newton J.A., Feely R. A., Jewett E. B., Williamson P. & Mathis J., 2015. Global Ocean
Acidification Observing Network: Requirements and Governance Plan. Second Edition, GOA-
ON, http://www.goa-on.org/docs/GOA-ON_plan_print.pdf.
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7. Gaélle Capitaine, LNE, France

Title: Uncertainty quantification of Total Alkalinity and pHT measurement results and
their propagation to other variables of the carbonate system

Author(s): Gaélle Capitaine (LNE), Thibaut Wagener (MIO), Paola Fisicaro (LNE)

Abstract: Each year, the ocean absorbs around 26% of CO, emissions. However, this
absorption leads to ocean acidification and changes in the carbonate system. This, by
affecting the stability of calcium carbonate mineral forms, impacts marine biodiversity.
Oceanographic measurements are essential for observing the oceanic carbonate
system and supporting decision-making regarding mitigation and adaptation strategies.
The monitoring of ocean acidification relies on the knowledge of different variables of
the oceanic carbonate system, which are computed based on independently
measurable variables, such as Total Alkalinity (TA) and pH+. To ensure data quality,
international recommendations and best practice guidelines have been established.
The Global Ocean Acidification Observing Network (GOA-ON) has set a specific
“climate” data quality objective for these measurable variables to identify changes in
carbonate ion contents with a relative standard uncertainty of 1%.

Key metrological principles, particularly rigorous uncertainty quantification, are
fundamental to producing reliable and comparable data, enabling the evaluation of
long-term trends in changes to the carbonate system. Two methods can be applied to
quantify the uncertainty of measurement results. The preferred one is the bottom-up
approach, which relies on the detailed identification and quantification of every source
of uncertainty involved in a measurement process. This method leads to a thorough
evaluation of measurement uncertainty but can be cumbersome to achieve. To
overcome this, a second approach exists: the top-down approach, which relies on
experimental data and the use of reference materials to compute the uncertainty
budget.

For both TA and pHr, the uncertainty of the measurement results has been quantified
following the two approaches for uncertainty quantification. Based on (1) the estimated
uncertainty levels for both variables and (2) the measurements carried out on a
stabilized natural seawater, other variables of the carbonate system, together with their
uncertainties, were computed. This was done using an available computer program for
uncertainty propagation developed by Orr et al. (2018). The relative standard
uncertainty of carbonate ion concentration is 1% when derived from pHrand TA
uncertainties estimated using the top-down approach and 2% from minimum
uncertainties estimated using the bottom-up approach. While work remains to
establish complete and thoroughly assessed uncertainty budgets, these findings are
highly encouraging for achieving sufficient data quality to robustly monitor ocean
acidification.
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The presentation will give a slight overview of the different metrological concepts and
will then focus on the establishment of the uncertainty budget on both TA and pH+. The
level of uncertainties obtained by propagation for the other variables of the carbonate
system will be discussed, as well as theirimplications for ocean acidification
monitoring.

8. Matthew Humphreys, NIOZ, Netherlands
Title: Solving the marine carbonate system
Author(s): Matthew P. Humphreys

Abstract: The most widely measured core marine carbonate system parameters are
total alkalinity, dissolved inorganic carbon, pH, and seawater pCO, (or fCO,). When any
pair of core parameters are known, all others can be calculated; this is called “solving
the marine carbonate system”. To solve the marine carbonate system, a large number of
additional parameters, such as total salt contents and equilibrium constants, must also
be evaluated. Fortunately, there are several software tools available to do these
calculations in a variety of different programming languages. Here, | will provide an
overview of these software tools, including their history, capabilities, limitations and
ongoing developments, with a focus on the popular CO2SYS family of solvers.

9. Maribell. Garcia-lbanez, IEO CSIC, Spain

Title: Advancing calibration practices for total dissolved inorganic carbon
measurements in seawater

Author(s): Maribel I. Garcia-lbafez

Abstract: Accurate and precise measurements of total dissolved inorganic carbon (DIC)
in seawater are essential for understanding key processes in the oceanic carbon cycle,
including ocean acidification, carbon storage, air-sea fluxes, and the monitoring,
reporting, and verification (MRV) of carbon dioxide removal (CDR) efforts. Although
calibration protocols for DIC instruments are available, their widespread adoption
across oceanographic laboratories has been limited, often due to perceived complexity
or insufficient technical support. As a result, many laboratories rely on single-point
calibration using CO.-in-seawater Reference Material (RMs) from Scripps Institution of
Oceanography (SIO). While SIO’s RMs have significantly enhanced measurement
repeatability and reproducibility, their exclusive use increases measurement
uncertainty, particularly for samples with DIC values outside the typical RM values of
surface Pacific water (1950 pmol kg™ to 2100 pmol kg'). This practice also lacks a
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mechanism for verifying measurement accuracy across the full range of DIC typically
observed in seawater (~1800 pmol kg™ to 2300 pmol kg™).

To address these challenges, an IAPSO Best Practice Study Group was established in
late 2023 with the goal of improving DIC measurement accuracy by promoting the
broader adoption of robust instrument calibration procedures. In this presentation, we
outline the state of the art for seawater DIC measurements and calibration practices in
oceanographic laboratories worldwide, based on findings from a public survey. We also
describe upcoming activities, including the preparation and dissemination of updated
Standard Operating Procedures (SOPs) for DIC instrumentation calibration.
Additionally, the group plans to organize an inter-laboratory exercise in collaboration
with WEPAL-QUASIMEME in the fall to assess the impact of implementing these
updated calibration techniques.

10. Tobias Steinhoff, GEOMAR, Germany

Title: Progress for a European hub for Carbon-CRMs and Production of in-house RM for
DIC/TA

Author(s): Tobias Steinhoff and Maribel |. Garcia-lbanez

Abstract: We present the plans for a potential European hub for the preparation and
certification of reference material for marine carbon research. The community is
working actively on solutions and various models are being discussed. The suggestions
reach from one central facility to a distributed model. The presentation shows that
status and discusses the presented models.

11. Andrew Dickson, Scripps, USA

Title: The optimal use of our RMs to assist in the quality control of seawater CO,
measurements

Author(s): Andrew Dickson

Abstract: Not available
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12. Marc Knockaert, KBIN — OD NATUUR — ECOCHEM, Belgium

Title: Optimalisation, Validation and Suitability of the TA-DIC and pH analysis on a
SKALAR autoanalyzer for coastal water

Author(s): Marc Knockaert

Abstract: For research in open ocean, manual or semi-automated instruments were
used to analyse TA and DIC (e.g. DIC by Apollo Li-Cor infrared detector or laser-based
CO, detector, TA by a Vindta Titrator Model AS-ALK3). These methods are very accurate
but time consuming. For dynamic coastal waters monitoring, an automated method for
TA and DIC analysis is developed on a SKALAR San++ System that can handle about 30
samples per hour.

Samples are analysed without opening the vial. For DIC, the sample is acidified to
transform inorganic carbon into CO, changing the pH of an added buffered
phenolphthalein dye and decolourisation is measured at 550 nm. In the TA module, the
sample is mixed with a salty buffered bromophenol blue dye (pH 3.5), purged with N2
gas to remove thereby generated CO,. More alkalinity will affect the change in colour
(colorization) from red to blue, measured at a wavelength of 600 nm.

After optimalisation to avoid contamination with environmental CO, (use of gas
washbottles with 2.5M NaOH to decontaminate injected air, no use of wash bottles, use
of N, gas to decontaminate glassware), validation of the system is performed largely
based on SCRIPPS CRM. For the calibration of the system (Quadratic fit, [l order ISO
8446), minimum 5 standards were of sodium carbonate were prepared within the range
of 780 - 5800 puM/kg for TA and 400 — 3000 pmol/kg for DIC. With a reproducibility of
0.9% for TA and 0.6% for DIC, a bias of 0.8% for TA and -1.2% for DIC and an expanded
uncertainty of 2.6% for TA and 2.8% for DIC, the method is fit for analysis of dynamic
coastal water with a lot of tidal concentration variation (30 — 130 pmol/kg for TA and 30 -
200 pmol/kg for DIC) and even higher on a yearly basis.
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13. Marta Alvarez, IEO CSIC, Spain

Title: Coherent spectrophotometric pH measurements: the purified and unpurified m-
cresol purple dilemma

Author(s): Marta Alvarez and INOCEN group

Abstract: Ocean pH is a key measurable variable within the seawater CO, system,
along with total dissolved inorganic carbon (DIC), total alkalinity (TA) and the partial
pressure of CO2 (pCO,). Thanks to the ocean, anthrogenically driven climate change is
mitigated, the oceans absorb about 90% and 30% of the heat and CO, excess in the
atmosphere, respectively. A major collateral damage is the change in the seawater acid-
base characteristics as more CO is dissolved in the upper waters, pH reduces, dealing
to likely and unexpected consequences on ocean ecosystems and biogeochemical
cycles. Therefore, ocean pH has been recognized an essential ocean and climate
variable in the 2000s, and sustained information about ocean pH temporal and spatial
variability is required by national and international programs, as the UNESCO
Sustainable Development Goal 14.3.1 Indicator or the EU Marine Strategy Directive
Framework to monitor ocean health.

The required precision (<0.005 pH units) and accuracy (<0.003 pH units) to detect pH
changes associated to the anthropogenic CO, uptake and storage in the oceanis a
current challenge to the observational CO, community. This fact relates to two main
issues (1) the temporal evolution and refinement of the spectrophotometric pH method
stablished in the 1990s and (2) the lack of traceability to the International Standard
Units System of the former method, which still lacks of certified reference materials,
with assigned values and uncertainty estimates over the working range of pH values in
the ocean. Recent promising initiatives are defining a roadmap to solve these issues, as
will be discussed during the QUASIMEME 2025 workshop. However, time series for
spectrophotometric pH covering since the 1990s have adapted to the pH
methodological evolution regarding the purity of the indicator dye, the perturbation of
adding the dye on the sample, temperature control and the formulation parameterizing
pH as a function of raw absorbances and temperature and salinity conditions. Can we
assure that those pH values are comparable and consistent to finally assess any
temporal trend?

We present a clear, detailed and reliable procedure to assure the comparability of pH
measurements done with unpurified and purified indicator dye. We refine and clarify the
method proposed by Douglas and Byrne (Mar. Chem. 2017) and show case examples
with (1) replicate samples from the NE Atlantic Ocean and the Mediterranean Sea, and
(2) atime series in the NE Atlantic Ocean from 2018 to 2023.
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14.Simon L. Clegg, School of Environmental Sciences, University of East Anglia, UK

Title: Applications of models to the calibration of the total pH scale using Tris buffers:
improving its accuracy, converting to free pH, and calculating the effects of pressure

Author(s): Simon L. Clegg & Socratis Loucaides (NOC)

Abstract: The total pH scale, a measure of the quantity -log10([H+]+[HSO4-]) in
seawater, has been calibrated using Tris buffers in artificial seawater solutions at
surface pressures for salinities 20 to 40 and temperatures 0 to 45 oC (DelValls and
Dickson, 1998), with extensions to cold brines (Papadimitriou et al., 2016) and recently
to salinities as low as 5 (by the EURAMET SApHTies project). The free pH scale (a
measure of -log10([H+])) is used by solid state sensors that are increasingly widely
used, and calibrated quite differently: using dilute HCl solutions to determine individual
sensor characteristics, and then a reference potential from a seawater of a known total
pH. The interpretation of field measurements to obtain free pH requires a partial molar
volume of HCl in seawater of the temperature and salinity of interest.

Itis desirable to extend the calibration of the total scale to high pressures for in situ total
pH measurements and to address the uncertainties in the several calibration steps in
both scales, and their interconversion. In this presentation we briefly introduce these
calibration steps, and a new project to develop a chemical speciation model of both
total and free pH in Tris buffers in artificial seawater solutions to deep ocean pressures
as recommended by the WMO and BIPM (2023). This model will be based on the draft
model of Clegg et al. (2022), and new measurements of densities and compressibilities
of solutions of the buffer components which can be used to calculate the effects of
pressure using standard thermodynamic relationships.

The results of this project will be a thermodynamically self consistent calibration of
both forms of pH in Tris buffers as a functions of T, S, and P.

References

S. L. Clegg, M. P. Humphreys, J. F. Waters, D. R. Turner, and A. G. Dickson (2022) Chemical
speciation models based upon the Pitzer activity coefficient equations, including the
propagation of uncertainties. Il. Tris buffers in artificial seawater at 25 oC, and an assessment of
the seawater 'Total' pH scale. Mar. Chem. 244, art. no. 104096.

T. A. DelValls, and A. G. Dickson (1998) The pH of buffers based on 2-amino-2-hydroxymethyl-
1,3-propanediol (‘tris’) in synthetic sea water. Deep-Sea Res. | 45, 1541-1554.

S. Papadimitriou, S. Loucaides, V. Rérolle, E. P. Achterberg, A. G. Dickson, M. Mowlem, and H.
Kennedy (2016) The measurement of pH in saline and hypersaline media at sub-zero
temperatures: Characterization of Tris buffers. Mar. Chem. 184, 11-20.

WMO/BIPM, Metrology For Climate Action (recommendation 1B.5), Report BIPM-2023/03, 2023,
84 pages.
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15. Tobias Steinhoff, GEOMAR, Germany
Title: Measuring TA - upgrading the VINDTA system
Author(s): Tobias Steinhoff

Abstract: We present the ongoing work of upgrading an existing VINDTA system for
alkalinity titration. The new system is based on Python code, so that individual
adjustments can be done by the user. The presented work from the CO2 group at
GEOMAR/Germany experiments with alternative components for the titration. The work
is ongoing and the community will be updated when the upgrade is finished.

16. Gavin Sim, University of Edinburgh, Scotland
Title: Automating laboratory DIC/TA measurements for high frequency sampling
Author(s): Prof J Murray Roberts, Dr Gavin Sim, Matt Gervais, Dr Seb Hennige

Abstract: High quality dissolved inorganic carbon (DIC) and total alkalinity (TA)
measurements are essential for understanding ocean acidification. The
instrumentation commercially available for routine DIC/TA measurements are often not
set up for high sample throughput and require a large labour input. In this presentation
we will share our experience of automating a DIC instrument to create a high throughput
system that has reduced running costs without impacting the quality of the data.
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17.Socrates Loucaides, NOC - National Oceanography Centre, UK

Title: Lab-On-Chip Sensors for Autonomous Ocean Carbonate Chemistry
Measurements

Author(s): Socratis Loucaides’, Emily Hammermeister'?, Stathys Papadimitriou’,
Allison Schaap’, Martin Arundell', Wahida Bhuiyan’, Anthony Lucio' and Pablo Trucco
Pignata’

"National Oceanography Centre, Southampton, UK
2University of Southampton, National Oceanography Centre, Southampton, UK

Abstract: Accurate carbonate chemistry characterization is essential to understand the
oceanic carbon cycle and monitor ocean acidification and its consequences on marine
organisms. Although efforts have been made to increase the availability of high-
resolution carbonate chemistry measurements in the ocean, the lack of automated
high-performance low-cost carbonate sensors continues to hinder continuous and
spatially extensive observations using autonomous platforms. Developing sensors
capable of fulfilling future observing goals is therefore key for deciphering knowledge
gaps and uncertainties in our understanding of the global ocean carbon cycle and
optimisation of global models of ocean acidification and its impacts. The capability of
Lab-On-a-Chip (LOC)-based sensors has been demonstrated on moving and fixed
observing platforms around the globe from surface to the deep ocean (6000 m). LOC
technology enables miniaturization and automation of high-performance reagent-
based analytical techniques offering high-quality autonomous observations even on
small autonomous platforms. Here we present recent developments in autonomous
LOC-based sensors for measurements of seawater pH, Total Alkalinity (TA) and
Dissolved Inorganic Carbon (DIC), highlighting some recent applications and successes
and finishing with a glimpse of future carbon observing capabilities.

18. Tobias Steinhoff, GEOMAR, Germany
Title: Intercalibration ICOS pCO, sensors
Authors: Tobias Steinhoff

Abstract: We present the results of the ICOS-OTC pCO2 inter-comparison. In 2021, 27
pCO2 instruments were operated at a tank facility at the Flanders Marine Institute (VLIZ)
in Oostende/Belgium. The results were discussed with all participants and will be
submitted in 2025. The results show the importance of calibration of sensors included
in pCO2 instruments (temperature, pressure,...). Furthermore the results indicate that
air-water equilibration system function more reliable than membrane based systems.
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POSTER PRESENTATION ABSTRACTS

(Listed in alphabetical surname order)
1. Silvia Becagli, University of Florence, Italy

Title: Evaluation of new preservation and storage strategies of sea water sample for
total alkalinity analysis

Authors: Silvia Becagli, Elena Principato (ENEA), Damiano Massimiliano Sferlazzo
(ENEA), Mirko Severi, Rita Traversi, and Alcide Giorgio di Sarra (ENEA)

Abstract: High accuracy and reproducibility of total alkalinity (TA) measurements
performed by Gran titration procedure are required to derive the parameters related to
the carbonate system in sea water and to validate continuous pCO; measurements.
When laboratory analyses can not be performed within a few hours of the sampling,
preservation of the sample according to the officially accepted method is obtained by
adding a mercuric chloride (HgCl,) solution to stop biological activity which would alter
the sample concentration of carbon species. High quality borosilicate glass bottles are
recommended for both temporary and longer-term storage. The bottles should be
sealed using greased ground glass stoppers held in place with some form of positive
closure.

The use of HECL; implies as a major drawback the disposal of titration residues, which
are made of a highly toxic solution with high HgCL, concentration. For this reason, in this
work we present the results of two alternative strategies for sample storage and
preservation prior to TA measurements. The alkalinity in a sea water sample can be
modified by dissolution of carbonate particles or by biogenic activity, therefore the idea
is to remove solid particles and cells by the samples through filtration on 0.2 um
porosity polycarbonate filters. Besides borosilicate glass bottle can alter the ionic
equilibrium of sea water by the dissolution of Na of Ca ions altering the TA of the
sample, therefore the suitability of storage in plastic bottle is also verified in this work.

A large amount (approximately 10 L) of sea water has been sampled and filtered, and TA
has been measured just after collection through Gran titration. A portion of the sample
was added with HgCl, and was maintained in a sealed borosilicate glass bottle.
Different portions of the HgCL; free filtered samples were preserved in borosilicate glass
and polyethylene bottles. Both types of bottles were hermetically closed to prevent gas
exchange with the atmosphere. The samples were then keptin the dark and TA
determinations were made at different times after the sampling. The values of TA
obtained in different bottle types and for different storage times were compared with
the classical preservation method with HgCl, and with analyses made soon after
sampling.
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2. Wahida Taskin Bhuiyan, NOC - National Oceanography Centre, UK

Title: Microfluidic Lab-on-Chip sensor for autonomous in situ Dissolved Inorganic
Carbon determination for marine applications

Authors: Wahida T. Bhuiyan, Anthony Lucio, Martin Arundell, Pablo Trucco-Pignata,
Stathys Papadimitriou, Samuel Monk, John Walk, Allison Schaap, Socratis Loucaides

Abstract: Increased atmospheric carbon since pre-industrial times has led to a higher
absorption of carbon dioxide (CO,) by the oceans causing a decrease in the seawater
pH. Ocean acidification has cascading, detrimental effects throughout the marine
ecosystem. The key parameters that govern the ocean carbonate system (i.e., pCO,, pH,
TA and DIC) are largely under-sampled, and there is an urgent need to develop sensing
technologies capable of undertaking these measurements autonomously and in situ.

At the National Oceanography Centre, we have developed an autonomous Lab-on-Chip
(LOC) sensor for conductimetric Dissolved Inorganic Carbon (DIC) measurementin
seawater. Our sensor integrates pumps, valves, a microfluidic network, a gas exchange
unit, and a four-electrode platinum conductivity detector. To undertake this
measurement, the seawater sample is first acidified with phosphoric acid which
converts all DIC content to gaseous CO.. The acidified sample (donor solution) is
pumped through a gas-permeable membrane unit where the CO, is absorbed by NaOH
(acceptor solution), altering its conductivity. The conductivity change in the acceptor
solution is measured downstream by the detector and is directly proportional to the DIC
content of the sample. The sensor is pressure compensated with the ability to
withstand full ocean depth (i.e., 600 bar). The LOC DIC sensor is currently in the
prototype stage but has already been shown to generate high spatiotemporal data
based on trials at sea. The sensor has recently been deployed for a month on an
autonomous long-range (ALR) vehicle from Iceland to Scotland. During this period the
sensor measured every 1.5 hr with frequent re-calibrations on certified references
material as onboard standards. The sensor has also previously been deployed on
remote operated vehicles, landers and on a surface vehicle. The system is currently
undergoing development to improve analytical performance, decrease the
measurement time, reduce power consumption, and to minimise waste to better meet
observing needs.
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3. Rémi Courson, Ifremer, France

Title: Measurement and intercomparison of 3 pHr sensors between the Marmara Sea
and the Black Sea across the Bosphorus strait.

Authors: Rémi Courson, Agathe Laés-Huon, Romain Davy, Florence Salvetat, Emina
Mamaca, Hasan Orek, Koray Ozhan, Mustafa Yiicel

Abstract: Understanding and predicting pHr distributions through accurate and
certified in situ detection is currently crucial. In the frame of the European BRIDGE
Black Sea project, surface pHrtransects were carried out in July 2024 in the Sea of
Marmara, the Bosphorus Strait and the southern Black Sea. This study compares high-
resolution temporal pHr measurements from 3 sensors deployed in parallel: SAMI-pH™
(Sunburst Sensors, LLC, colorimetric sensor [1]), SeaFET™ (Sea-Bird Scientific, ion
selective field effect transistor (ISFET) [2]) and pHNX (Ifremer Homemade colorimetric
sensor). The sensors continuously monitored pHr distributions of surface seawater
passing through a SeaBird Scientific SBE45 thermosalinograph. Data collected by SAMI-
pH™ (n=319), SeaFET™(n=8424) and pHNX (n=488) were corrected from salinity and
temperature (data provided by SBE45 thermosalinograph). In addition, the SeaFET™
sensor has been assessed and corrected against robust reference measurements, with
one-point correction of the pHNX sensor, ensuring full traceability to international
system units [3]. The three instruments recorded the highest pHr values (8.2225 for
pHNX) at the exit of the Bosphorus Strait, extending in a north-easterly direction into the
Black Sea. The lowest surface values were obtained in the northern part of the transect
(8.1360 for pHNX, 41°33'04.7"N 29°39'01.1"E) and in the Marmara Sea (8.0623 for
pHNX, 40°48'49.3"N 28°53'58.6"E). These results are consistent with a previous study
carried out in the same area in June 2023 (data not yet published), and the general trend
of pH-enriched flow entering a semi-enclosed sea has been observed in other parts of
the world [3].

[11A. M. Nightingale, A. D. Beaton, and M. C. Mowlem, “Trends in microfluidic systems for in situ
chemical analysis of natural waters,” Sensors Actuators B Chem., vol. 221, pp. 1398-1405, 2015.

[2]T. R. Martz, J. G. Connery, and K. S. Johnson, “Testing the Honeywell Durafet® for seawater pH
applications,” Limnol. Oceanogr. Methods, vol. 8, no. MAY, pp. 172-184, 2010.

[3] X. Liu, Z. A. Wang, R. H. Byrne, E. A. Kaltenbacher, and R. E. Bernstein, “Spectrophotometric
measurements of pH in-situ: Laboratory and field evaluations of instrumental performance,” Environ. Sci.
Technol., vol. 40, no. 16, pp. 5036-5044, 2006.
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Thomas, Alan Bocher, Sébastien Petton, Nolwenn Lamande, and Agathe Laes

Abstract: Estimates of the variation in pHrin the open ocean using traditional sampling
methods show a decrease of 0.002 units per year (Byrne et al., 2010; Dore et al., 2009;
Gonzalez-Davila et al., 2010). In this context, IFREMER is actively working on the
development of an auto-analyser dedicated to the determination of relevant, accurate
and non-drifting pHr values in seawater. This device is based on a conventional and
highly reproducible spectrophotometric measurement method, traceable to
International System units. It uses reverse flow injection analysis, a purified indicator
dye and an internal optical cell with an in-house calibrated temperature sensor. The
operation of our sensor, called pHNX, will first be explained. This will be followed by one
of the many inter-laboratory comparisons we have carried out in recent years, enabling
us to constantly improve the analytical characteristics of pHNX. In addition, coastal
deployments in France (Atlantic Ocean and Mediterranean Sea) and Turkey (BRIDGE
Black Sea EU project, Black Sea and Sea of Marmara) will be presented. The final part
will be devoted to the presentation of preliminary work on the miniaturisation and
marinisation of pHNX.

Byrne, R.H., Mecking, S., Feely, R.A,, Liu, X., 2010. Direct observations of basin-wide acidification of the
North Pacific Ocean. Geophys. Res. Lett. 37, 1-5. https://doi.org/10.1029/2009GL040999

Dore, J.E., Lukas, R., Sadler, D.W., Church, M.J., Karl, D.M., 2009. Physical and biogeochemical
modulation of ocean acidification in the central North Pacific. Proc. Natl. Acad. Sci. U. S. A. 106, 12235-
12240. https://doi.org/10.1073/pnas.0906044106

Gonzalez-Davila, M., Santana-Casiano, J.M., Rueda, M.J,, Llinds, O., 2010. The water column distribution
of carbonate system variables at the ESTOC site from 1995 to 2004. Biogeosciences 7, 3067-3081.
https://doi.org/10.5194/bg-7-3067-2010
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Title: Temporal stability of TA and DIC in IAPSO Standard Seawater
Authors: Flohr, A. et al.,

Abstract: Certified reference materials (CRMs) are crucial for accurate and precise
measurements of marine carbonate system parameters and thus for research on
marine carbon cycling. Currently, the international carbon community relies
predominantly on CRMs for total alkalinity (TA), dissolved inorganic carbon (DIC), pH in
seawater and HCl titrant supplied by the Dickson Laboratory, Scripps Institution of
Oceanography, US. To improve resilience and meet the growing demand for CRMs there
is a need to diversify sources for these CRMs, e.g. establish locations outside of the US
that can also produce CRMs. OSIL is a UK-based company that specialises in the
manufacture, global supply and operation of a wide range of integrated systems for
environmental monitoring in all marine environments. Their services include the
production of IAPSO Standard Seawater of different salinity ranges (38, 35, 30 and 10
PSU) shipping worldwide, currently to over 100 countries. Here, we show results of a
collaborative study between NOCS (UK), the Dickson Laboratory (US) and OSIL (UK)
aimed to explore the possibility of utilising the IAPSO Standard Seawater as a CRM for
TA and DIC.

Page 18 of 27



6. Louisa Giannoudi, Hellenic Centre for Marine Research, Greece

Title: Important training aspects of the marine carbonate parameters under the KADI
project

Authors: Louisa Giannoudi, Abdirahman M Omar, Richard Sanders, Thomas G
Bornman, Matthew Saunder, Dimitris Kassis

Abstract: KADI is an inter-disciplinary Horizon Europe Coordination and Support Action
in African-European cooperation project with its acronym meaning “Knowledge and
climate services from an African observation and Data research Infrastructure”. Its
specific objectives are the design for an All-African climate observation system on the
basis of climate services as guiding design principle and an extensive documentation of
past and existing observing capability having a knowledge exchange approach and
connecting all key actors.

One of the project’s pilot tasks was the organization of a training workshop under the
hospices of the South African Environmental Observation Network (SAEON), a business
unit of the National Research Foundation in South Africa. This unit had organized a 4
days training workshop in the field of coastal carbon science and monitoring (including
coastal oceanographic parameters, carbon data collection, analysis and sharing of
results and of the overall experience. Furthermore, itincluded sensor technology,
hands-on training, fieldwork activities, data management and an overall international
networking. The workshop took place at the premises of Nelson Mandela University in
Ggeberha, South Africa and the workshop organizers had chosen 13 participants from
the African continent having a background in marine sciences or a relevant subject and
with the competency of using the taught skills at their home institutions.

During this 4 days’ event, lectures and practicals took place. The lectures content where
mainly on coastal biogeochemistry with a focus on some specific aspects such as the
ICOS and other (Cretan Coastal Buoy) marine stations (as best practices), blue carbon
(estuaries and salt marshes), coastal ocean, and the open ocean. The field work
included blue carbon measurements in a tidal estuary (using a GHG analyser) and the
collection of water and sediment samples and coastal biogeochemistry having
collected water samples together with the deployment/recovery of SAMI pCO; and pH
instrumentation. In between the analyzes of the results several discussions took place,
especially in addressing knowledge gained and capacity of the participants’ institutes to
conduct such studies. The overall purpose of the training was to begin buildingup a
network of people and especially operators of analytical instruments and equipment to
conduct ocean carbon cycle science in Africa. Within this work, there were several
needs identified and aspects that need to be consider to attract funders and assist end-
users towards this goal.
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Title: Ocean acidification monitoring in Atlantic and Arctic influenced Norwegian
waters

Authors: Elizabeth Jones, Melissa Chierici, Helene Hodal Lademel, Claire Mourgues,
Wanying Ji.

Abstract: Significant changes in the carbonate system have occurred during a decade
of measurements in both Arctic and Atlantic influenced waters in the different
oceanographic regions of the Norwegian Sea and the Barents Sea. The carbon-rich
Atlantic Water showed significant negative trends in pH (ranging between —-0.0032 yr™’
and —0.0087 yr ") and aragonite saturation (Q) (ranging between —0.014 yr-1 and —-0.034
yr ') in nearly all regions. This was accompanied by significant positive trends in the
fugacity of CO, (fCO,) (ranging between 3.48 yr'' and 7.68 yr™'), driven by increases in CT
and decreases in AT in most regions. The most rapid changes occurred in surface
waters with increases in fCO, of 8.12 £ 1.41 patm yr™' in the Barents Sea Opening,
alongside decreases in surface water pH and Q of -0.0097 £ 0.0017 yr' and -0.041 =
0.004 yr ', respectively. Increased CT was the dominant driver of trends in pH, Q and
fCO,. Assessment of time trends of ocean acidification relies on precise and quality
assured measurements of the carbonate system (CT, AT, pH) obtained through routine
analyses of reference materials, tracking reference material accuracy and precision,
and involvement in inter-comparison exercises at the dedicated ocean acidification
laboratory at the Institute of Marine Research, Tromsg, Norway.
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8. Marc Knockaert, KBIN - OD NATUUR - ECOCHEM, Belgium
Title: ANALYSIS TA & DIC - SKALAR Continuous Flow Analyzer

Authors: Marc Knockaert, Nore Wagemans, Tom Scholdis, Koen Parmentier, Rob van
Turnhout (SKALAR), Luc Uytterhoeven (SKALAR)

Abstract: For research in open ocean, manual or semi-automated instruments were
used to analyse TA and DIC (e.g. DIC by Apollo Li-Cor infrared detector or laser-based
CO2 detector, TA by a Vindta Titrator Model AS-ALKS3). These methods are very accurate
but time consuming. For dynamic coastal waters monitoring, an automated method for
TA and DIC analysis is developed on a SKALAR San++ System that can handle about 30
samples per hour.

Samples are analysed without opening the vial. For DIC, the sample is acidified to
transform inorganic carbon into CO, changing the pH of an added buffered
phenolphthalein dye and decolourisation is measured at 550 nm. In the TA module, the
sample is mixed with a salty buffered bromophenol blue dye (pH 3.5), purged with N2
gas to remove thereby generated CO,. More alkalinity will affect the change in colour
(colorization) from red to blue, measured at a wavelength of 600 nm.

After optimalisation to avoid contamination with environmental CO, (use of gas
washbottles with 2.5M NaOH to decontaminate injected air, no use of wash bottles, use
of N2 gas to decontaminate glassware), validation of the system is performed largely
based on SCRIPPS CRM. For the calibration of the system (Quadratic fit, [l order ISO
8446), minimum 5 standards were of sodium carbonate were prepared within the range
of 780 - 5800 puM/kg for TA and 400 — 3000 pmol/kg for DIC. With a reproducibility of
0.9% for TA and 0.6% for DIC, a bias of 0.8% for TA and -1.2% for DIC and an expanded
uncertainty of 2.6% for TA and 2.8% for DIC, the method is fit for analysis of dynamic
coastal water with a lot of tidal concentration variation (30 — 130 pmol/kg for TA and 30 -
200 pmol/kg for DIC) and even higher on a yearly basis.
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Geophysics, Italy

Title: Carbonate system analysis of two Mediterranean areas characterised by methane
(CH4) emissions

Authors: Vincenzo Alessandro Laudicella, Simona Retelletti Brogi, Cinzia Giuseppina
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Abstract: Methane (CH,) is one of the most powerful greenhouse gases released into
the atmosphere by natural and human activities, absorbing thermal infrared radiation
emitted by the Earth = 30 times more than CO,. CH, concentrations in the atmosphere
today are more than 2.6 times above estimated pre-industrial equilibrium levels, and
this increase is largely the result of anthropogenic emissions associated with human
activities. Coastal areas are a major contributor to natural CH, emissions (about 7
TgCHA4 year-1), with fluxes varying greatly depending on the environmental
characteristics of the sites (depth, oxygen content, temperature, seagrass and seagrass
cover, and more). In the presence of oxygen, the CH, released from the sediments is
easily oxidised to CO; by the methanotrophic bacteria and archaea present in the water
column. However, methane can also be oxidised under anoxic conditions in the
presence of sulphates by methanotrophic archaea and sulphate-reducing bacteria.
Little information is available on methane fluxes in particularly shallow environments
(<50 m), where methane is released in large quantities from the seafloor for natural
reasons (biological or gecomorphological) and can escape to the atmosphere before
oxidation due to the shallow depth.

The MEFISTO project aims to combine classical physical, chemical and molecular
methods with innovative hydroacoustic approaches to investigate the factors that
favour or prevent the release of CH, to the atmosphere from two shallow Italian coastal
areas: a seepage zone off the lagoon of Marano and Grado (TR, Gulf of Trieste, Northern
Adriatic Sea - NAd), characterised by the intermittent release of gases of biogenic
origins, and the persistently degassing hydrothermal vent area off the island of Panarea
(PANA, Aeolian Archipelago, Southern Tyrrhenian Sea). An important part of the
activities planned within the MEFISTO project included the study of the carbonate
system (derived by CO2Sys from total alkalinity - TA and pH:?°° data) at the different
sites sampled. This presentation will report on the methodology used for sample
preparation and analysis and discuss the preliminary results of the first three MEFISTO
sampling campaigns (two campaigns in PANA - 03/24 and 09/24 and one for TR - 07/24).

The PANA sites showed a decrease in both pH:?**° and TA (7.987 + 0.054 and 2550.64 +
12.84 pmol kg, respectively) at the surface/reference sites compared to the

Page 22 of 27



hydrothermal vent-influenced sites (pH?°© 6.428 = 0.164 and TA 2371.60 = 52.55 pmol
kgsw ). At the same time, dissolved inorganic carbon (DIC) increased from 2237.23 +
25.83 pmol kgsw' 10 2992.62 + 204.21 pmol kgs ' at the sites surrounding the vents.
Depth was the main parameter influencing the carbonate system at the TR sites
(bottom depth ranged between 13-20 m), indicating a decrease in pH?>° and TA from
the surface (respectively 8.222 + 0.019 and 2735.60 = 16.54 pmol kg.,") to the seafloor
(respectively 7.891 + 0.068 and 2610.89 = 10.22 pmol kgsw') and an opposite pattern for
DIC (surface 2270.89 + 42.33 pmol kgs."'; seafloor and 2363.23 + 37.16 pmol kgs."). A
lower pH:*°¢ (95%CI: 7.859 + 0.037) and a higher DIC (95%CI: 2381.20 = 13.25 pmol
kgsw') characterised the bottom water layer of the TR sites interested by CH4 releases, if
compared with the control station (no gas emissions, pH?>© 7.984 and DIC 2309.4
pmol kgsw™).

These preliminary results indicate that, despite the different characteristics between
PANA and TR sites, common trends could be detected between the different stations,
mainly related to pH (decrease) and DIC (increase) in the waters around the sites with
CH, emissions (either hydrothermal or biogenic origin). These data will be integrated
with innovative acoustics and ongoing metagenomics analyses that will shed more light
on the methane cycle of these two sites assessed within the MEFISTO project.
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Title: Impact of ocean acidification with special reference to Bay of Bengal, India:
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Authors: Jayaraju, N., Srinivasulu, G., and Laskmanna,

Abstract: Global warming affects the ocean and its dissolved oxygen levels in several
ways by increasing the CO, content. Other properties of this include its ability to be
dissolved in water. As the temperature rises, so does the quantity of gas that may be
dissolved in the water. Ocean surface layers that have just recently come into contact
with air have been the principal focus of this process up to this point in time. As much
as 20% of marine oxygen loss has been attributed to this phenomenon, with 50% of that
loss happening in the ocean's top 1,000 meters. Climate change is causing surface
waters to be mixing with those that lack oxygen, resulting in an imbalance. As a result, it
affects the quantity of marine oxygen needed by organisms, amongst many other things.
Itis evident that ocean acidification, once initiated, would persist for millennia.
Because of this long timescale, the InterAcademy Panel (IAP) made this warning in June
2009: ‘Ocean acidification is irreversible during our lifetimes and those of many
generations to come. Marine ecosystems could face grave harm as CO, concentrations
reach 450 ppm and above’. This threshold of 450 ppm for CO is also consistent with the
2°C warming limit mutually agreed to by the global community at the Paris Climate
Summitin 2015. The IAP calls world leaders to ‘recognise that reducing the build-up of
CO, inthe atmosphere is the only practicable solution to mitigating ocean acidification,
and implement action to reduce global CO, emissions by at least 50% of 1990 levels by
2050 and continue to reduce them thereafter’. Recall the global CO, emissions are now
65% above the 1990 levels and we can only hope that the Paris Agreement would help
us stay below the 450 ppm threshold, so that irreversible damage to the marine
ecosystem could be averted from ‘the evil twin of global warming’ — ocean acidification
—in this century. The present study shows the ramification of the ocean acidification in
the Bay of Bengal from India.
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Abstract: The shallow, estuarine Baltic Sea, one of the most eutrophic seas in the
world, suffers from extensive anoxic areas with high organic matter (OM) content and
excess of nutrients. To assess the environmental health of the Baltic Sea,
comprehensive monitoring programs have been in place for decades. The Swedish
Meteorological and Hydrological Institute (SMHI), along with other organisations,
conduct regular measurements of various biological, physical, and chemical
parameters. Total alkalinity (TA) has been part of the Swedish national monitoring of the
Baltic Sea since 1958, but inconsistencies in the used methodology challenge existing
aims to meet current quality goals of monitoring climate change and ocean
acidification.

Apart from inadequate HELCOM guidelines for TA sampling and analysis, which are
followed by the contracting parties in the Baltic Sea area, humic substances from
riverine input pose additional challenges to the determination of TA. The most common
definition of alkalinity from Dickson (1980) uses the advantage that inorganic
components of seawater in general have dissociation constants (K) that are far from the
pK (=-log10K) limit of 4.5. This means that there are no proton exchange reactions
around pH 4.5 and the alkalinity endpoint, which also occurs around this pH, is
consequently well defined. Humic substances in the Baltic Sea, on the other hand, may
have pKvalues over the full range between 2 and 10 (Ulfsbo et al., 2014), thus affecting
the titration endpoint.

Here we present historical TA data with additional parameters such as humic
substances and hydrogen sulphide. We wish to open a discussion on uncertainties in TA
determinations in waters that are strongly influenced by OM and low salinity. Dickson et
al. (2007) outlined best practices for the general ocean, but the basic equations do not
account for the presence of OM. Consequently, we would like to address the necessity
of an international agreement on the best practices for TA measurement in waters that
are influenced by organic materials. This also stresses the need for suitable reference
materials for such waters.

Page 25 of 27



12. Sébastien Petton, Ifremer, France
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Sébastien Mas, Léa Giannecchini, Francesca Vidussi, Behzad Mostajir, Yann Leredde,
Samir Alliouane, Jean-Pierre Gattuso, Frédéric Gazeau

Abstract: Since the beginning of the industrial revolution, atmospheric carbon dioxide
(CO,) concentrations have risen steadily and have induced a decrease of the averaged
surface ocean pH by 0.1 units, corresponding to an increase in ocean acidity of about
30 %. In addition to ocean warming, ocean acidification poses a tremendous challenge
to some marine organisms, especially calcifiers. The need for long-term oceanic
observations of pH and temperature is a key element to assess the vulnerability of
marine communities and ecosystems to these pressures. Nearshore productive
environments, where a large majority of shellfish farming activities are conducted, are
known to present pH levels as well as amplitudes of daily and seasonal variations that
are much larger than those observed in the open ocean. Yet, to date, there are very few
coastal observation sites where these parameters are measured simultaneously and at
high frequency.

To bridge this gap, an observation network was initiated in 2021 in the framework of the
CocoriCO2 project. Six sites were selected along the French Atlantic and Mediterranean
coastlines based on their importance in terms of shellfish production and the presence
of high- and low-frequency monitoring activities. At each site, autonomous pH sensors
were deployed, both inside and outside shellfish production areas, next to high-
frequency CTD (conductivity—-temperature-depth) probes operated through two
operating monitoring networks. pH sensors were set to an acquisition rate of 15 min,
and discrete seawater samples were collected biweekly in order to control the quality of
pH data (laboratory spectrophotometric measurements) as well as to measure total
alkalinity and dissolved inorganic carbon concentrations for full characterization of the
carbonate system. While this network has been up and running for more than 3 years,
the acquired dataset has already revealed important differences in terms of pH
variations between monitored sites related to the influence of diverse processes
(freshwater inputs, tides, temperature, biological processes). Data are available at
https://doi.org/10.17882/96982 (Petton et al., 2023a).
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Abstract: Total alkalinity (TA) is one of the four measurable parameters used to
characterize the oceanic carbonate system. TA data with higher spatial coverage and
temporal frequency will contribute to better measurements, modelling, and
understanding of the aquatic carbon cycle, providing insights into problems from global
climate change to ecosystem functioning. We present an autonomous sensor capable
of providing this type of data via in situ TA measurements.

This sensor implements a single-point spectrophotometric titration TA assay and is
based on a generic ocean chemical lab-on-chip hardware platform with fully integrated
fluidic, optical, and electronic components. The sensor samples seawater, adds in a
titrant consisting of acid and pH indicator, degasses the resulting solution, and
performs an optical measurement. It can carry multiple calibration materials on board,
allowing for routine re-calibration and quality checks in the field. The scientific
applications of this sensor require reliable accuracy (~0.1%-0.5%) during deployments
lasting months in harsh and varying conditions.

This sensor has been tested and demonstrated both in the lab and in the field. It has
been deployed in several environments including a North Sea subsea carbon storage
experiment, aquarium-grown and natural coral reefs, a Weddell Sea carbon uptake
study, and an autonomous underwater vehicle. The results from lab and sea trials show
that the technology is in a strong position and regularly meets the scientific
requirements for TA measurements. This poster will highlight the development and
evaluation of the instrument and show field data exemplifying its capabilities.
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