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Introduction to IRMS technology

Isotope-ratio mass spectrometry (IRMS) is a specialization of mass spectrometry, in which mass 

spectrometric methods are used to measure the relative abundance of isotopes in each sample.[1]

       The isotope-ratio mass spectrometer (IRMS) allows the precise measurement of mixtures of 

stable isotopes.[2] The analysis of 'stable isotopes' is normally concerned with measuring isotopic 

variations arising from mass-dependent isotopic fractionation in natural systems. 

[1] Paul D, Skrzypek G, Fórizs I (2007). "Normalization of measured stable isotopic compositions to isotope reference scales - a review". Rapid Commun. Mass Spectrom. 21 (18): 3006–14. 
[2] Townsend, A. (ed) (1995). Encyclopaedia of Analytical Science Encyclopaedia of Analytical Science. London: Academic Press Limited.

Element Minor Isotope Natural Abundance [%]

Hydrogen

Carbon

Nitrogen

Oxygen

Sulfur

2H (D)
          13C

       15N

       18O

       34S

0.01557

1.11140

0.36630

0.20004

4.21500

That‘s where the information is.

Stable isotopes are chemical 

isotopes that may or may not be 

radioactive, but if radioactive, have 

half lives too long to be measured.

Major Isotope

1H

12C

14N

16O

32S
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Isotope ratio mass spectrometer (IRMS)

The mass spectrometers used for isotopic analysis generally comprise three 

basic sections; an ion source, a mass analyzer and an ion collection assembly.

Dedicated 
Gas Ion Source

Magnet

m/z 2 (H2)
m/z 3 (HD)

Universal Triple Collector 
for N2, CO, O2,CO2, SO2

with
Energy Filter

DELTA V Analyzer – 13C, 15N, 18O, 34S, 2H

Ion source

Mass analyzer

Ion collection assembly



5

Official methods for food 

and beverage product origin, 

authenticity and label claims
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Official methods for food 

and beverage product origin, 

authenticity and label claims

General element

R =
𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

𝛿𝛿𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 =
𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
× 1000

units are ‰  or per mil or parts per thousand

The isotopic composition measured relative to that of a standard material 

whose isotopic composition has been assigned 

Reporting Isotope Measurements
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Tracking wine adulteration using isotope fingerprints

The most common type of wine adulteration is the addition of cheaper products to the original wine, 

such as fruit juices, water and sweeteners, which are not related to the grapes or fermentation process that 

the wine was originally produced from.

Oxygen and hydrogen isotope fingerprints 

can be used to identify the geographical 

origin of wine. The grapes, from which 

wine is produced, carry a fingerprint 

derived from local-regional rainfall.
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Tracking wine adulteration using isotope fingerprints

www.sahra.arizona.edu

GISP

VSMOW2

SLAP2

IAEA water standard δ18O δ2H

SLAP2 (Standard Light Antarctic Precipitation 2) -55.50 ‰ -427.5 ‰

GISP (Greenland Ice Sheet Precipitation) -24.76 ‰ -189.5 ‰

VSMOW2 (Vienna Standard Mean Ocean Water 2) 0 ‰ 0 ‰

https://nucleus.iaea.org/rpst/ReferenceProducts/ReferenceMaterials/Stable_Isotopes/2H18O-water-samples/index.htm

Isotopes in Nature – 18O and 2H in the Water Cycle
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Detecting organic grown vegetables

As organic fruit and vegetables attract a higher price on the market, this can lead to economically 

motivated fraud through mislabeling produce as “organic” when they have been grown using synthetic fertilizer.

The nitrogen isotope fingerprints of vegetables are used to differentiate whether the 

fertilizer used for plant growth was organic or synthetic. Vegetables grown using organic 

fertilizers, such as peat, sewage sludge and animal manure, tend to have nitrogen 

isotope values between +8‰ to +20‰.Vegetables grown using synthetic fertilizers, such 

as potash and ammonia, tend to have nitrogen isotope values of +3‰ to +6‰.
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Tracing the geographical origin of coffee using isotope fingerprints

Green coffee beans have a fingerprint, a unique chemical signature that 

allows them to be identified: isotope fingerprints have been reliably used for 

origin, authenticity and product label claim verification. 

The graph shows hydrogen and oxygen 

isotope fingerprints of coffee beans indicating they 

can be clearly differentiated at the continent scale. 

              Additionally, the Bio Sumatra coffee 

measured is grouped with coffee from South and 

Central America rather than from Asia (red 

marker), illustrating that mislabelling can be 

identified.
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Testing sugar package label claims using carbon isotope fingerprints

The refining process for beet is simpler 

and faster than for cane. Furthermore, beet can 

grow in a variety of climates beyond tropical.    

           Consequently, beet sugar is cheaper to 

manufacture and source.

Sugar has a fingerprint, a unique chemical signature that allows it to be identified. 

The carbon isotope fingerprint (δ13C) of plants are different because of photosynthetic 
processes and broadly grouped as C3 and C4 plant types. 

     C3 plants like Beta vulgaris, cultivated as the source of beet sugar, utilize the Calvin 

photosynthetic pathway to fix CO2 and incorporate less 13C than other plants. 

     C4 plants, like Saccharum spp., cultivated as the source of cane sugar, utilize the 

Hatch-Slack photosynthetic pathway which does not fractionate atmospheric carbon 

dioxide to the same extent as the Calvin pathway. 

              Therefore, C3 plants have a carbon isotope 

fingerprint between -33‰ to -22‰ and C4 plants have 

a carbon isotope fingerprint between -16‰ to -8‰. 
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C3, C4, and CAM plants

กระบวนการตรงึคารบ์อกไดออกไซดข์องพืช c3 c4 cam | PPT (slideshare.net)

https://www.slideshare.net/slideshow/c3-c4-cam/267071593
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Tracing the origin of beef based on diet using carbon isotope fingerprints

The origin of beef can be tracked using the carbon isotope fingerprint which is 

related to the photosynthetic signature of the plants consumed by the animals during 

their grazing. To identify beef of UK origin relative to beef of Brazilian origin, this can 

be readily differentiated using carbon isotope fingerprints.



14

Detection of honey adulteration
AOAC Official Method 998.12 C-4 Plant Sugars in Honey Internal Standard Stable Carbon Isotope Ratio

Honey is subject to fraud by adulteration with low price sugar syrups. 

Saccharides in syrups derived from cane, corn or beet sugar are difficult 

to distinguish from those in pure honeys. Sugar cane and corn syrups, 

the most widely used adulterants, have distinctive 13C isotope 

fingerprints because both sugar cane and corn plants use the C4 

photosynthetic pathway in contrast to most honey which is derived from 

plants that use the C3 photosynthetic pathway. These differences in 13C 

isotopic composition allow detection of > 7% addition of such sugars.
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