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Isotopic Certified Reference Material of Natural Zirconium 

ZIRC-1 is an isotopic Certified Reference Material (CRM) of natural zirconium. A unit of ZIRC-1 

consists of approx. 1 mL aliquot of zirconium solution at 1000 mg kg–1 in 2 % HNO3 and 0.1 % 

HF. This material is intended as an isotopic standard for the calibration of instruments and 

evaluation of analysis methods for the determination of isotope ratios of zirconium. 

Certified values for the isotopic composition and the atomic weight of zirconium have been 

established for this CRM. These values are listed in the Table 1. Certified values are based on 

measurements carried out at the National Research Council Canada (NRC). The expanded 

uncertainty (UCRM) in the certified values is equal to kuc where uc is the combined standard 

uncertainty calculated according to the JCGM Guides [1] and protocols [2] and k is the coverage 

factor. A coverage factor of two (2) was applied which corresponds to approx. 95 % confidence. 

It is intended that UCRM accounts for every aspect that reasonably contributes to the uncertainty 

of the measurement. 

Table 1: Certified quantity values and expanded uncertainties (k=2) of atomic 

weight, isotopic abundances, and isotope ratios of zirconium in ZIRC-1 

Quantity Value 
Expanded 

uncertainty 
Unit 

Atomic weight of zirconium, Ar(Zr) 91.2218 0.0032 1 

Isotopic abundance, x(90Zr) 0.514 90 0.000 64 mol/mol 

Isotopic abundance, x(91Zr) 0.112 18 0.000 20 mol/mol 

Isotopic abundance, x(92Zr) 0.171 48 0.000 48 mol/mol 

Isotopic abundance, x(94Zr) 0.173 59 0.000 90 mol/mol 

Isotopic abundance, x(96Zr) 0.027 85 0.000 26 mol/mol 

Isotope ratio, n(91Zr)/n(90Zr) 0.217 86 0.000 34 mol/mol 

Isotope ratio, n(92Zr)/n(90Zr) 0.333 05 0.001 04 mol/mol 

Isotope ratio, n(94Zr)/n(90Zr) 0.337 14 0.002 08 mol/mol 

Isotope ratio, n(96Zr)/n(90Zr) 0.054 08 0.000 50 mol/mol 

 

Isotopic composition of zirconium (Table 1) was determined by multi-collector inductively-

coupled plasma mass spectrometry (MC-ICPMS) using the regression method with NIST SRM 

984 rubidium and NIST SRM 987 strontium isotopic standards as the calibrators [3]. 

Atomic masses of zirconium isotopes are taken from 2016 Atomic Mass Evaluation [4]. The molar 

mass, M(Zr), and the atomic weight of zirconium, Ar(Zr), are related as M(Zr) = Ar(Zr)Mu, where 

Mu is the molar mass constant, Mu = 1 g/mol with negligible uncertainty. 
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Certified values 

Certified values are considered to be those for which the NRC has the highest confidence in 

accuracy and that all known and suspected sources of bias have been taken into account and 

are reflected in the stated expanded uncertainties. Certified values are the best estimate of the 

true value and uncertainty. 

Intended use 

This certified reference material is intended for the calibration of instruments and evaluation of 

analysis methods for the determination of isotope ratios of zirconium. 

Storage 

It is recommended that the material is stored at room temperature and the bottle opened 

immediately prior to use in a clean area with precautions taken against contamination. 

Preparation of material 

The reference material was prepared from a commercial zirconium standard solution of 10 g L–1 

in 5 % HNO3 and 0.5 % HF. The material was diluted 10-fold in 2 % HNO3 and 0.1 % HF and 

bottled in cleaned plastic bottles containing approximately 1 mL aliquots at 1000 mg kg–1 mass 

fraction of zirconium. 

Stability  

Potential instabilities due to long-term storage and transport were considered, and such effects 

deemed to be negligible on the isotopic composition of the material. The material is deemed 

stable with respect to the certified values for ten years. 

Homogeneity 

The material is deemed to be homogeneous with respect to the isotopic composition of zirconium. 

Uncertainty 

The overall combined uncertainty estimate includes the uncertainties from the primary standards, 

calibration model, and measurement repeatability. 

Metrological traceability 

Isotopic composition results presented in this certificate are traceable to the SI trough NIST SRM 

984 rubidium and NIST SRM 987 strontium isotopic standards [5,6]. As such, ZIRC-1 serves as a 

suitable reference material for laboratory quality assurance programs, as outlined in ISO/IEC 

17025. 

Quality Management System (ISO 17034, ISO/IEC 17025)  

This material was produced in compliance with the NRC Metrology Quality Management System, 

which conforms to the requirements of ISO 17034 and ISO/IEC 17025. The Metrology Quality 

Management System supporting NRC Calibration and Measurement Capabilities, as listed in the 

Bureau international des poids et mesures (BIPM) Key Comparison Database (kcdb.bipm.org/), 

has been reviewed and approved under the authority of the Inter-American Metrology System 

http://kcdb.bipm.org/
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(SIM) and found to be in compliance with the expectations of the Comité international des poids et 

mesures (CIPM) Mutual Recognition Arrangement. The SIM approval is available upon request. 

Updates 

Users should ensure that the certificate they have is current. Our website at www.nrc.gc.ca/crm 

will contain any new information. 
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This Certificate is only valid if the corresponding material was obtained directly from the 
NRC or an Authorized Reseller. 
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