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Introduction
• International Organisation for 

Standardization 

• Rule book for reference material production 
➢ ISO 17034

• Manual on how to technically apply the rules
➢ ISO Guide 35
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Introduction

Reference Material (RM)

“Material sufficiently homogenous and stable with respect to one or more specified properties, 

which has been established to be fit for its intended use in a measurement process.”

Certified Reference Material (CRM)

“Reference material characterized by a metrologically valid procedure for one or more specified 

properties accompanied by a reference material certificate that provides the value of the 

specified property, its associated uncertainty, and a statement of metrological traceability”

Metrological Traceability: Property of a measurement result which relates to a national or 

international standard through an unbroken chain of comparisons with stated uncertainties.
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Modus operandi

Figure after ISO Guide 35:2017
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Definition

• Nano-particulate pressed pellets (Nano-Pellets) 

made from Apatite crystals[1]

• Certified values for major- and trace elements 

as well as 87/86Sr and U/Pb ratios using LA-ICP-MS

• Suitable as a RM for techniques such as LIBS & 

micro-XRF.
[1] Garbe-Schönberg & Müller 2014
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Modus operandi

Figure after ISO Guide 35:2017
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Acquisition

• 5 kg of apatite Ca5(PO4)3 (OH,F,Cl) crystals were 

purchased from a mineral dealership (Mikon

Mineralienhändler GmbH)

• The source is a mine in the Loliondo Arusha district 

in Tanzania, Africa

• Crystals fragments were between 0.5 to 3 cm in size
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Modus operandi

Figure after ISO Guide 35:2017
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Preparation

• Qualitative analysis for verification of material type and / or identity

➢ XRD analysis of powdered crystals
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Preparation

• Removal of dust and dirt using distilled water

• Removal of superficial contamination in a 1 % 

v/v bath of nitic acid (HNO3)

• Rinsing using deonised water (18.2 MΩ) 

• Crushing of approx. 1.5 kg of crystals in a 

cleaned jaw crusher to a particle size of < 1mm
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Preparation

• Milling in an agate vibratory disc mill to particle 

size of < 63 µm

• Suspension fine-milling in agate planetary ball-

mill

• Freeze-Drying

• Homogenisation in mixer-mill

[1] Garbe-Schönberg & Müller 2014
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Preparation

• Measurement for control of material processing

➢ Particle size distribution
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Preparation & Packaging

• Splitting of approx. 1.5 kg in a rotary 

sample splitter into batches of 15 g of 

nano-powder

• Manufacturing of 118 Nano-Pellets 

pressed from Batch-01

➢ Every CRM must be in its final form when tested 

for homogeneity and stability
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Modus operandi

Figure after ISO Guide 35:2017
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Homogeneity Assessment

• Number of units from batches > 100 units 

necessary for homogeneity test determined by:

𝑁𝑚𝑖𝑛 = max(10, 3 𝑈𝑛𝑖𝑡𝑠𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 )

➢Cube root of 118 is 4.9 i.e. 5 units 

➢5 units < 10, therefore 10 units are necessary

• Batches < 100 units 10 % of units produced 

necessary
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Homogeneity Assessment

• Subdivision of Nano-Pellet surface into 7 

analytical zones

• Each zone consists of three LA-ICP-MS 

measurements performed in a randomised 

order @ 50 µm spot size – minimal sampling size

• Data quantified using NIST 610 and 43Ca as 

internal standard
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Homogeneity Assessment
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Homogeneity Assessment

• Results and averages of all 21 analyses performed on a single Nano-Pellet including
rudimentary statistical evaluation

[µg/g]
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Homogeneity Assessment

• Results from all tested Nano-Pellets presented as averaged results from each of the
7 analytical zones
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Homogeneity Assessment

• Calculating uncertainty component pertaining to 

homogeneity following ISO Guide 35:2017 Annex 

C1

• One-way analysis of Variance (ANOVA MS Excel) 

using the 70 results from 10 Nano-Pellets

• Addition of homogeneity factor resulting from the 

relative contribution of the combined components 

of within- and between pellet standard deviations
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Homogeneity Assessment

𝑢𝑛𝑐. 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 ℎ𝑜𝑚𝑜𝑔𝑒𝑛𝑒𝑖𝑡𝑦 = 122 + 132 = 17 µ𝑔/𝑔

𝑤𝑖𝑡ℎ𝑖𝑛 𝑢𝑛𝑖𝑡 𝑆𝐷 = 162 = 13 µ𝑔/𝑔

𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑢𝑛𝑖𝑡 𝑆𝐷 = 138 = 12 µ𝑔/𝑔
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Homogeneity Assessment

• The overall average from 70 results in the 

homogeneity study is 2125 µg/g

• The combined uncertainty contribution 

pertaining to homogeneity is 17 µg/g

➢ Relative contribution of 0.81 %

➢ Homogeneity factor of 0.0081

✓Homogeneity Assessment complete
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Modus operandi

Figure after ISO Guide 35:2017
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Stability Assessment

• Following ISO 13528:2015 Annex E2

• Two additional Nano-Pellets placed in oven at    

60 °C for 8 h

➢ Simulation of hot delivery conditions

➢ Short-term stability assessment

➢ Calculation of stability factor

• Long-term stability assessed on a quarterly basis 

within first 12 months, if stable, annual basis



www.my-standards.com 24Geoanalysis 2022

Stability Assessment

• Stability test passes as long as check value > absolute difference

• In case stability test should fail data need not be discarded as long as final 
uncertainty deemed usable
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Modus operandi

Figure after ISO Guide 35:2017
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Characterisation

• Following ISO 17034 recommendation

➢“characterisation of a non-operationally 

defined measurand using two or more 

methods of demonstrable accuracy in one 

or more competent laboratories”

• Laboratory competence is either shown by ISO 

17025 accreditation and/or precise and accurate 

measurements of certified reference materials
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Characterisation 𝐶𝑒𝑟𝑡𝑖𝑓𝑖𝑒𝑑 𝑉𝑎𝑙𝑢𝑒 =
σ𝐷𝑎𝑡𝑎 𝑆𝑒𝑡 𝑀𝑒𝑎𝑛𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐷𝑎𝑡𝑎 𝑆𝑒𝑡 𝑀𝑒𝑎𝑛𝑠

𝑈𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡𝐶ℎ𝑎𝑟. =
𝑆𝑡𝑑. 𝐷𝑒𝑣 𝑜𝑓 𝐷𝑎𝑡𝑎 𝑆𝑒𝑡 𝑀𝑒𝑎𝑛𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐷𝑎𝑡𝑎 𝑆𝑒𝑡 𝑀𝑒𝑎𝑛𝑠
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Final Value & Uncertainty

𝐶𝑒𝑟𝑡𝑖𝑓𝑖𝑒𝑑 𝑉𝑎𝑙𝑢𝑒: 2705 µ𝑔/𝑔

𝑈𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦𝐻𝑜𝑚𝑜𝑔𝑒𝑛𝑒𝑖𝑡𝑦: 22 µ𝑔/𝑔

𝑈𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦𝐶ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑎𝑡𝑖𝑜𝑛: 13 µ𝑔/𝑔

𝑈𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦: 23 µ𝑔/𝑔

𝑈𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 𝑓𝑎𝑐𝑡𝑜𝑟𝐻𝑜𝑚𝑜𝑔𝑒𝑛𝑒𝑖𝑡𝑦: 0.0081

𝑈𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 𝑓𝑎𝑐𝑡𝑜𝑟𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦: 0.0085

𝑒𝑥𝑝𝑎𝑛𝑑𝑒𝑑 𝑎𝑛𝑑 𝑐𝑜𝑚𝑏𝑖𝑛𝑒𝑑 𝑈𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 = 2 𝑥 132 + 222 + 232 = 68

Expansion factor k – Student‘s t-distribution

Certified Value for Sr: 2705 ± 68 µg/g @ 95 % CL
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Modus operandi

Figure after ISO Guide 35:2017
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Certificate preparation
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Summary
• Certified values traceable to SI through characterisation in 

competent laboratories and use of homogeneity- and stability 
factors

• Assessment and inclusion of all necessary contributors to 
uncertainty budget

• General methodology not only applicable to LA-ICP-MS but 
other techniques e.g. SIMS, LIBS, µXRF, GD-OES, Spark 
Emission OES as well

• Informal validation by adjudicator of the DAkkS in an advisory 
capacity

• 10 further materials currently underway following this 
procedure
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Thank You
for Your attention


