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• Oceans absorb 26 % of anthropogenic CO₂
→ Acidification of marine waters

→ Biodiversity loss and socio-economic impacts
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IPCC 6AR, Climate Change 2021: The Physical Science Basis

• Total pH, noted pHT : key variable for monitoring 
ocean acidification

• International recommendation and best practices guidelines set a pHT

expanded uncertainty target of 0.006 (k=2) for climate assessments

• ISO 18191:2015 defines routine spectrophotometric pHT measurement but lacks full metrological
compliance (traceability, uncertainty, validation). The EMPIR project SapHTies aimed to address
these gaps by developing robust metrological tools for seawater pHT measurements.

• Buffers characterized across various TRIS molalities ;
nominal practical salinity 5-40 ; temperature 5-40 °C

• TRIS buffers extrapolated to zero TRIS molalities
(i.e., pure ASW matrix)  allow representing a
true pHT scale  achieving perspective for SI
traceability in intervals most relevant for
oceanographic measurements

• Buffers were used for the characterization of
the indicator dye

• Reference materials consisting in TRIS buffers prepared
in an artificial seawater (ASW) matrix were produced.
Certified pHT value expanded uncertainty, URM = 0.005

TRIS Sample Natural Seawater 
Sample

Repeatability Standard 
Deviation, Sr

0.0039 0.0029

Reproducibility Standard 
Deviation, SR

0.0053 0.0039
• Spectrophotometric pHT uncertainty sources identified:
Some remain unquantified (dye characterization). Minimum expanded
uncertainty, Umin = 0.02 exceeding international standards target

• Interlaboratory comparison (ILC) to assess
spectrophotometric method performance, with 12
laboratories

• Tested on TRIS buffer and standard seawater

• Repeatability and reproducibility are promising but do
not meet the uncertainty target

• QA/QC guide has been proposed based on ILC results

Metrological tools developed to support oceanographers
in their pHT spectrophotometric measurement:

• development of Reference Materials
• enhancement of the traceability to the SI units
• uncertainty budget evaluation and development of a

software tool for uncertainty quantification
• ILC exercise
• QA/QC guidelines

Strengthening of comparability
of measurement results
 Support the establishment
of long-term trends in ocean
acidification
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• Study highlights key uncertainty sources for improvement

• A software tool for uncertainty quantification was developed
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