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Reference Materials (RMs) are 
needed to position your data 
along conventional δ-scales.

less precise

more precise



Internationally accepted reference materials

RMs are not permanent!

Primary 
RMs

• define the position of the zero-point. These materials have exact isotope δ-
values by consensus with no uncertainty. Over time some primary RMs are 
known to have developed problems.

Secondary 
RMs

• are natural or synthetic compounds that have been carefully calibrated 
relative to the primary RMs.The δ-values of secondary RMs are subject to 
amendments and always carry analytical uncertainty. It is recommended 
that authors publish the used δ-values. 

Lower-level 
RMs

• can be calibrated against higher-level RMs by laboratories to serve as 
working RMs.



Brand et al. (2014)

Primary RMs

Secondary RMs

https://doi.org/10.1515/pac-2013-1023

Some of the values has been 
updated – see Coplen & Qi, FSI, 
2016

https://doi.org/10.1515/pac-2013-1023


Meier-Augenstein and Schimmelmann (2019) Isotopes in Environmental and Health Studies 55 (2), 113-128. 
https://doi.org/10.1080/10256016.2018.1538137

https://doi.org/10.1080/10256016.2018.1538137


The principle of Identical Treatment (IT) of 
sample and reference material

Werner RA, Brand WA (2001) Referencing strategies and techniques in stable isotope ratio analysis. Rapid Communications in Mass 
Spectrometry 15, 501−519. http://dx.doi.org/10.1002/rcm.258

o Ideally the chemical nature of the sample should be 
identical to that of the reference material. For example, 
use honey RMs when measuring and calibrating honey 
samples. 

o Gases like H2, CO2, CO, N2 and SO2 from cylinders can 
only serve as monitoring gases in on-line applications 
because they have not passed through the same analytical 
sequence as analyte gases. DO NOT CALL THEM 
REFERENCE GASES!

http://dx.doi.org/10.1002/rcm.258


Upcoming USGS food matrix reference materials

Honeys (carbohydrate-rich):
• honey from tropical southern Vietnam (collected fresh from wild bee 

hives)
• honey from prairie near Saskatoon, Canada (commercial product) 

Vegetable oils (lipids):
• olive oil from Sicily, Italy (blended oil provided by Federica Camin) 
• olive oil from coastal desert in Peru (commercial product)
• peanut oil from southern Vietnam (directly from rural producer)
• corn oil (i.e. from a C4 plant, 13C-rich; commercial product from 

U.S.A.)

Collagens (proteinaceous):
• marine collagen powder from wild-caught fish (commercial product)
• porcine collagen powder (powder, provided via FAO/IAEA)

Flours (carbohydrate-rich):
• flour from millet (provided by Federica Camin, from Tuscany in Italy) 
• flour from rice, from southern Vietnam (directly from local producer) 



Olive oil

Olive oil, millet

Honey, peanut oil, rice

Honey

Predicted amount-weighted mean growing-season δ2H (‰) in precipitation (Terzer et al., 2013, Hydrology and 
Earth System Sciences, 17, 1–16. https://doi.org/10.5194/hess-17-4713-2013). 

https://doi.org/10.5194/hess-17-4713-2013


Processing 
of oil

Glass flasks ready for sealing under vacuum

Heating neck of 
round-bottom 
borosilicate flask



Processing of honey

Fresh raw honey in southern Vietnam

Filtration 
of honey

Heating 
tape

Filtration through 
multiple layers of  
cheese cloth

Filtered
honey

Heated tent for dripping 
honey into glass flasks

Honey sealed in glass under
vacuum

Filling honey into glass 
ampoules



The absence of leaks was 
verified by sparking with 
Tesla coil.

Our final RMs after labelling, sealing under vacuum, 
and packaging in Ljubljana

Liquid samples (waters, vegetable oils and honeys)
can be crimp-sealed into segments of silver tubing for
loading into EA carousels. Liquid food matrix RMs
are available from the USGS, Reston, Virginia, USA.



Five participating ring-test laboratories for 
measuring bulk values 

Statistical evaluation:
• National Measurement Laboratory, LCG Ltd., Teddington, United Kingdom (P. Dunn)   



Primary and secondary international standards and RMs used in ring test 
for calibration and normalisation of stable isotope ratio along conventional 
delta scales
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No consensus bulk δ2H values were
determined for flours and collagens 
owing to the presence of adsorbed
H2O and exchangeable organic H.
The blue circles represent suggested
δ2H values for non-exchangeable
hydrogen when following the USGS

Results - δ2H values USGS82 to USGS91
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Results - δ18O values USGS82 to USGS91
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Results - δ15N values USGS82 to USGS91
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Expanded uncertainties are 
smaller than the markers.

Results - δ34S values USGS82 to USGS91



Results - isotopic values USGS82 to USGS91



o All ˝stock supplies˝ of food matrix RMs are being stored under vacuum in 
hermetically sealed glass flasks in freezers at the USGS, Indiana University, and 
the Jožef Stefan Institute.

o End users will receive aliquots of RMs that are not sealed under vacuum.

o Aliquots of 1 mL of honeys and vegetable oils will be available in glass 
ampoules sealed under argon at Indiana University, and as 0.15 to 0.25-µL 
aliquots crimp-sealed without headspace in silver tubing by the USGS.

o Aliquots of 0.5 to 1 gram of dry, powdered food matrix RMs will be available to 
end users in screw-capped or crimp-sealed glass vials where the head- and pore 
space will be filled with air.

o Our manuscript is in review for the Journal of Agricultural and Food Chemistry.

o The new RMs USGS82 through USGS91 are anticipated to be released in 2020.

Storage and future availability of RMs USGS82 
through USGS91:



THANK YOU FOR YOUR ATTENTION!

Adequate funding and patience are 
prerequisites for successful RM 

development

Contact: 
aschimme@indiana.edu
nives.ogrinc@ijs.si


