
JRP-21GRD09

Metrology for the harmonisation of measurements of environmental pollutants in Europe

2022 - 2025

This project was selected for funding from the Green Deal Call 2021 

of the European Partnership on Metrology research funding programme:

https://www.metpart.eu/



JRP-21GRD09 2022 - 2025

Metrology for the harmonisation of measurements of environmental pollutants in Europe

Consortium: 12 NMI/DIs and 10 universities and research institutes



JRP-21GRD09

Metrology for the harmonisation of measurements of environmental pollutants in Europe

The European Green Deal, Document: “COM/2019/640 final”
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EURATOM, founded 25 March 1957:

Treaty establishing the European Atomic Energy Community, Document: “(2016/C 203/01)”

Article 35 

Each Member State shall establish the facilities necessary to carry out continuous monitoring of the level of

radioactivity in the air, water and soil and to ensure compliance with the basic standards.

The Commission shall have the right of access to such facilities; it may verify their operation and efficiency.

Other European Regulations:

Council Directive 2013/51/Euratom, Council Directive 2013/59/Euratom

Directive 2008/50/EC, Directive 2009/29/EC, Directive 2009/31/EC, Directive 2010/75/EU, …. 



Results of continuous radioactivity monitoring 

Statement in the publication:

Artificial alpha-emitting aerosols are rarely measured 

by routine monitoring networks as they are usually 

undetectable, even close to the nuclear installations

where they are produced.
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Key Aspects:

➢ The zero-pollution ambition promoted by the 

European Green Deal, requires highly sensitive and 

state-of-the-art detection techniques for the 

measurement of ultra-low amounts of pollutants.

➢ Mass spectrometry is a key method, 

✓ with high potential for reducing measurement 

uncertainties and detection limits, 

✓ but there is no existing traceability chain for 

radioactive elements,

✓ and there is a lack of SI-traceable isotope reference 

materials for stable isotopes.



Derived quantity Special name
of unit

Unit expressed in 
terms of base units

activity referred
to a radionuclide

becquerel Bq = s-1

𝑛 =
𝐴 × 𝑇 Τ1 2

𝑁𝐴 × ln 2
mol

Bq

𝑇 Τ1 2: Half-life (s)

𝑁𝐴:Avogadro constant (mol-1)

n: amount of substance (mol)

A: activity in Bq (equiv. to s-1)

𝑇 Τ1 2(
238U) = 1.4 x 1017 s 𝑇 Τ1 2(

240Pu) = 2.1 x 1011 s 
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WP6: Management and coordination

WP1: Establish and compare 

the selectivity and detection 

limits of different mass 
spectrometers

WP2: Advancing stable and 

long-lived radiogenic isotope 

ratio measurements of 
environmental pollutants

WP3: Development of two 

radioactive reference materials 
(liquid and solid)

WP4: Development of SI 

traceable certified reference 
material

WP5: Creating impact

Radioactive Pollutants Stable Isotope Pollutants



Mass spectrometry systems included in the project

• ICP-QMS Inductively Coupled Plasma Quadrupole Mass Spectrometer

• ICP-MS/MS Inductively Coupled Plasma Tandem Mass Spectrometer

• ICP-SFMS Inductively Coupled Plasma Sector Field Mass Spectrometer

• MC-ICP-MS Multi-Collector Inductively Coupled Plasma Mass Spectrometer

• SIMS Secondary-Ion Mass Spectrometer

• TIMS Thermal Ionisation Mass Spectrometer

• AMS Accelerator Mass Spectrometer

• ICP-TOF-MS Inductively Coupled Plasma Time of Flight Mass Spectrometer

• SNMS Secondary Neutral Mass Spectrometer

• HR-ICP-SF-MS High Resolution Inductively Coupled Plasma Sector Field Mass Spectrometer

• ICP-QQQ-MS Triple quadrupole Inductively Coupled Plasma Mass Spectrometer



WP1: Establish and compare the selectivity and detection limits of different mass spectrometers

Objectives

• Define and prepare traceable aqueous standards containing radioactive pollutants (U, Np, Pu, Am, Sr, Ra).

• Establish the advantages and limitations of commercially available instruments and decay counting techniques.

• Produce recommendations for low-level radionuclide measurement using mass spectrometry.

Outputs

• Production of traceable standards and methods for single, mixed and isotopic ratio radionuclide measurements.

• Comprehensive assessment of mass spectrometry instruments for low-level radionuclide measurement.

WP3: Development of 2 radioactive reference materials (liquid & solid) 

Objectives

• To develop 2 radioactive reference materials (liquid & solid) containing radioactive pollutants (e.g. U, Np, Pu, Am) 

• For use in 2 inter-laboratory comparisons to assess measurement capabilities (e.g. detection limits & uncertainty budgets)

Outputs

• Extensive comparison of instrument capabilities (15 partners)

• Harmonisation of mass spectrometry measurement methods

• Addressing isotopic fractionation



Metrology for the harmonisation of measurements of environmental radioactive pollutants 

Major Outputs

• Traceable aqueous radioactive standards: single, mixed and isotopic ratio standards

• 2 Reference Materials

• Guide on the use of mass spectrometry for low level radionuclide detection including detection limits & 
uncertainty budgets 



The lack of SI-traceable isotope reference materials for stable isotopes

The mass bias effect (instrumental mass fractionation) breaks the traceability chain, especially for 
measurements with ICP-MS systems

F. Vanhaecke, P. Degryse (eds.), Isotopic 

Analysis, Fundamentals and Applications Using 

ICP-MS, WILEY-VCH, 2012

from literature survey



The lack of SI-traceable isotope reference materials for stable isotopes

2.8

primary reference measurement procedure

primary reference procedure

reference measurement procedure used to obtain a measurement 

result without relation to a measurement standard for a quantity of the 

same kind

NOTE 1 The Consultative Committee for Amount of Substance – Metrology 

in Chemistry (CCQM) uses the term “primary method of measurement” for 

this concept.

5.4 (6.4)

primary measurement standard

primary standard

measurement standard established using a primary reference

measurement procedure, or created as an artifact, chosen by 

convention



The lack of SI-traceable isotope reference materials for stable isotopes



3.2 Lithium

Lithium has two stable isotopes, 7Li and 6Li, with 

isotopic abundances of 92.4 and 7.6 %, respectively, 

in naturally occurring terrestrial materials. Relative 

lithium isotopic ratios in geochemical and 

environmental studies commonly are reported as 

δ7LiRM8545 values relative to the internationally 

distributed lithium carbonate isotopic reference

material NIST RM 8545 (δ7Li = 0; LSVEC) in terms of

N(7Li)/N(6Li) ratios.



SI-traceable isotope reference materials for stable isotopes



WP2: Establish and compare the selectivity and detection limits of different mass spectrometers

Objectives

• Develop measurement methods for isotope ratios, traceable to the SI by using multi-collector ICP-MS.

• Apply these methods on more commonly available techniques (ICP-MS/MS, ICP-QMS).

• Providing suitable operating procedures focusing on stable polluting elements (e. g. Li, B, Cr, Cd, Ni, Sb, Pb, U).

• Produce recommendations for sample processing, treatment, uncertainty budgets, and the quantification of the mass bias.

Outputs

• SI traceable methods for determination of isotope ratios of Li, B, Cr, Cd, Ni, Sb, Pb, U by MC-ICP-MS and single collector ICP-MS.

• Analyte separation methods for high precision analysis.

• Evaluated instrumental mass fractionation for ICP-based mass spectrometers.

WP4: Development of SI Traceable Certified Reference Material
Objectives

• To develop one certified seawater reference materials for stable inorganic pollutant elements:

✓ Processing and production plan

✓ Sampling and processing of raw material

✓ Homogeneity and stability measurements

✓ Characterization, value assignment and reporting

Output

• Availability of one certified seawater reference materials for stable inorganic pollutant elements
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Impact:

➢ Establish link between radiometric techniques and mass 

spectrometry, bridging the gap between the activity (Bq) and the 

amount of substance (mol) of an isotope 

➢ Close the traceability gap for isotope ratio measurement resulting 

from isotopic fractionation (mass bias)

➢ Guide on the use of mass spectrometry for low level radionuclide 

detection

➢ Report of different instrument's advantages and limitations

➢ Three Si-traceable reference materials

➢ Establish Si-traceable calibration chain for single collector ICP-MS

➢ Harmonized methods for measurement of polluting elements using 

mass spectrometric techniques

𝑛 =
𝐴 × 𝑇 Τ1 2

𝑁𝐴 × ln 2

Amount of substance (mol)

Activity (Bq = s-1)

𝑇 Τ1 2: Half-life (s)𝑁𝐴:Avogadro constant (mol-1)
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WP leaders: 

WP1: Ben Russell

WP2: Tea Zuliani

WP3: Valérie Lourenço WP4: Betül Ari

WP5: Simon Jerome WP6: Dirk Arnold

Some facts about the project:

• The 22 partners will contribute with 

in total 320 months of work!

• The funding from the European 

Union will be 2.7 Million € !

Contact address:

Dirk.Arnold@ptb.de


