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Outline 

• Stable isotopes and variations in abundances/ratios. 

– Focus on carbon. 

– Applications in food authenticity and origin discrimination 

• How do we measure isotope ratios using EA-IRMS? 

• Traceability and the characterisation of new matrix-

matched reference materials 

– Absolute isotope ratio measurements and a new approach 

to reference materials. 

• Conclusions & future work. 

 

 
2 



Carbon Isotope Ratios 

• Carbon has two stable 

isotopes: 12C (~99%) and 
13C (~1%). 

• There can be subtle 

variations in the absolute 

ratio of 13C/12C. 

• These are commonly 

expressed as delta 

values relative to a 

standard. 

• Delta values small so 

multiplied by 1000. 
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Natural C isotope ratio variations 

4 δ13CVPDB / ‰ 

IUPAC Technical report on isotope abundances 



C isotopes for Food Authenticity/Origin 

• C3 vs C4: 

– Cane vs Beet sugar 

– High fructose corn syrup adulteration in Honey 

– Corn fed chicken 

– Added sugar in wine 

• Multi-element approaches (C with H, N, O, S) for 

protected origin foods: 

– Scotch Beef, Welsh Lamb, Scotch Whiskey, olive oil, 

balsamic vinegar, cheeses, fruit juices etc 

– H and O isotopes in particular for geographical origin 

 
5 



EA-IRMS measurement 
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Calibration/Normalisation 

• Reference materials of known/certified δ13C value 

analysed in same sequence as unknown samples: 

–  Identical treatment of sample and RM. 

– Calibration plot to normalise results to international scale. 

– Limited numbers of RMs available (NIST, IAEA, USGS). 

 

• Reference materials therefore critical for high quality 

IRMS data. 

 

• Traceability to international scales is essential for inter-

laboratory comparability. 
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Carbon Isotope Standards & Scales 

• Harmon Craig (1957)  

– Peedee Belemnite – calcium carbonate from South 

Carolina used by Urey’s group in Chicago as zero point.  

• PDB ran out so a new carbon isotope scale known as 

VPDB was introduced: 

– Defined by assigning δ13CVPDB of NBS-19 = +1.95 ‰ 

(exact). 

• VPDB now also defined by δ13CVPDB of LSVEC = -46.6 

‰ (exact) for scale expansion (VPDB-LSVEC). 

• Absolute isotope ratio of VPDB determined a number of 

times with little agreement 
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Traceability 

• Scales traceable to an artefact. 

– Can develop independently (e.g. oxygen delta scales). 

– Need to maintain the scale (drift in reference artefacts, 

difficult/impossible to regenerate). 

– Provide very consistent results. 

 

 

 

• Scales traceable the SI (i.e. a measurement process). 

– Provide accurate results. 

– Can have more than one source. 

– Enhanced metrological traceability 
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Chemical and Biological 

Metrology LGC Project 

• Certify a new reference material for absolute C isotope 

ratio which is traceable to the SI (kg) 

• Certification by MC-ICP-MS 

• Confirmatory measurements by EA-IRMS 

 

• Material useful to food analysis/authentication 

– Glycine 

– 13C depleted isotopic composition 

– Amenable to EA- and LC-IRMS (GC-C-IRMS would 

require derivatization) 
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MC-ICP-MS 

• Direct analysis of 12C+ and 13C+ 

• No limit to isotope ratio range. 

• Mass discrimination. 
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Synthetic Isotope Mixtures  

 – calibration to the SI 
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EA-IRMS measured 

ratios and 17O 

correction terms 
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Results 
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Measurement Uncertainty 
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MC-ICP-MS via SIMs IRMS via SIMs IRMS via VPDB 
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Publications 
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Reference Material & Accreditation 

• Extension to scope of 

UKAS accreditation 

obtained recently 

– ISO Guide 34 

Reference materials 

for glycine  RMP 

– ISO/IEC 17025 

Testing Laboratory for 

C isotope ratios by 

MC-ICP-MS 
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Conclusions and Outlook 

• The application of carbon isotope ratios for food 

origin/authenticity determination, discussed here, will 

benefit from the production of new reference materials. 

 

• LGC’s future efforts will focus on the characterisation of 

matrix-matched reference materials, critical to calibration 

and validation of C isotope ratio measurements. 

 

• Reference materials certified for absolute carbon 

isotope ratios traceable to the SI have shorter traceability 

chains than those traceable to VPDB. 
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