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Isotope Fingerprints
       Chemically similar but physically different

 Materials have a fingerprint, a unique chemical signature 
that allows the sample to be identified.

 To visualize this fingerprint, Isotope Ratio Mass Spectrometry (IRMS) 
is used to measure stable isotopes and identify the isotope fingerprint 
of a material or product.

 IRMS traces carbon, nitrogen, sulfur, oxygen, and hydrogen isotopes 
by detecting their natural variations, which can reveal to the origin 
and history of samples.
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Topics
       Things that we will cover on today 

 What an Isotope Fingerprint is
 How Isotope Fingerprints from
 How Isotope Fingerprints are measured
 Where Isotope Fingerprints are useful

o Origin
o Authenticity
o Adulteration
o Mislabeling
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Isotope Fingerprints

Water

Water

Soil
Photosynthesis

Soil / Fertilizer

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.

Major Isotope
1H
12C
14N
16O
32S
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Measuring the Isotope fingerprints 
      Isotope Ratio Mass Spectrometry (IRMS)

  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.
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Isotropic Fractionation: any process 
that changes the relative abundances 
of stable isotopes of an element.
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Isotope ratio mass spectrometer (IRMS)
designed to measure the relative abundances of isotopes with very high precision

Conventional MS

• Provide structural information

IRMS

• Provide an isotope ratio of elements

International Atomic Energy Agency

U.S. Geological Survey
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Isotope ratio mass spectrometer (IRMS)
designed to measure the relative abundances of isotopes with very high precision

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, CO2, SO2

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

Ion source

Mass analyzer

Ion collection assembly



8

Isotope ratio mass spectrometry
   sample need to be converted to simple gases before enter the ion source

14N14N, 15N14N
12C16O16O, 13C16O16O, 
12C18O16O, 32S16O16O, 

34S16O16O

1H1H, 2H1H
12C16O, 13C16O, 

12C18O

m/z

2, 3, 28, 29, 30, 44, 45, 46, 64, 66 
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Continuous flow IRMS (CF-IRMS)
automated sample introduction and conversion

 Bulk Stable Isotope Analysis
 Whole sample (all components) provide isotopic values
 Compound Specific Isotope Analysis

Each components provide individual isotopic values

The CF-IRMS sample introduction technique consists of a helium carrier 
gas that carries the analyte gases into the ion source of the IRMS. This technique 
is used to connect an IRMS to a range of automated sample preparation devices.
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Bulk Stable Isotope Analysis 
based on the use of an elemental analyzer (EA-IRMS)

Sample Combustion tube

oxidation catalyst,
~1000 - 1700 oC

O2

He

N2, NOx, CO2, SO2, O2 and H2O

Reduction tube

Reduce NOx to N2

and remove excess O2

~600 oC

H2O trap

N2, CO2 and SO2

Packed GC column
IRMS

C (CO2),     m/z 44, 45, 46

N (N2),       m/z 28, 29

S (SO2),      m/z 64, 66

Sample Pyrolysis tube

oxidation catalyst,
>1400 oC

He
H2 and CO

Packed GC column
IRMS

H (H2),     m/z 2, 3

O (CO),    m/z 28, 29, 30
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Compound Specific Isotope Analysis 
based on the use of gas chromatography system (GC-IRMS)

Organic compounds eluting from a GC column are converted into simple gases when traversing 
a capillary micro-reactor. Accordingly, all compound specific isotope ratios can be analyzed in the IRMS.

Complex organic mixtures are separated on the capillary GC column. Baseline separated peaks are the basis 
for high precision CSIA. 
        A splitter at the end of the GC column sends >95% of the sample to a combustion or pyrolysis tube. The 
remainder is sent to an optional FID, MS, or is vented to the atmosphere.
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Compound Specific Isotope Analysis 
based on the use of liquid chromatography system (LC-IRMS)

Quantitative oxidation of all individual organic compounds eluting from the HPLC column, 
followed by fractionation-free separation of the resulting CO₂ gas from the liquid phase.
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Applications
Detecting organic grown vegetables

 Nitrogen Isotope Fingerprint
 Organic vs Synthetic fertilization
 Differentiation of nitrogen isotopes in plants 

and soils due to ammonia volatilization, 
denitrification, nitrification, etc.

 Organic fertilization fingerprint: +8‰ to +20‰
 Synthetic fertilization fingerprint: +3‰ to +6‰

As organic fruit and vegetables attract a higher 
price on the market, this can lead to economically 
motivated fraud through mislabelling produce as “organic” 
when they have been grown using synthetic fertilizer.
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Applications
Tracing the geographical origin of coffee

 Hydrogen and oxygen Isotope Fingerprints
 The Coffea spp plants, cultivated as the source 

of the coffee beans, carry an isotopic fingerprint 
associated with local-regional rainfall. 

 Differentiation of American, Asian and African 
Coffee beans (Green and Roasted)

 Identification of mislabeled coffee beans.

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. 
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Isotopes in Nature
         18O and 2H in the Water Cycle

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
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Applications
Tracking wine adulteration using isotope fingerprints

 Oxygen Isotope Fingerprint
 Geographical origin and adulteration
 Grapes have local-regional rainfall
 If adulterated by water or juices, oxygen 

isotope fingerprint changes
 Official method OIV-MS-AS2-12

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.
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Applications
Testing sugar package label claims using carbon isotope fingerprints

 Carbon Isotope Fingerprint
 The carbon isotope fingerprint of plants differ 

because of photosynthetic processes
 C3 plants have a carbon isotope fingerprint between 

-33‰ to -22‰ and C4 plants between -16‰ to -8‰.
 Can identify beet and cane sugar and verify product label
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Applications
Tracing the origin of beef based on diet using carbon isotope fingerprints

 Carbon Isotope Fingerprint
 Pasture determines the diet of cattle
 Pasture varies between C3 and C4 plant groups, which 

result in difference in animal (i.e. dietary differences)
 Takes 167 days for “meat” to change from C3 to C4 

signature, and vice versa
 UK cattle reared on C3 diet, whilst Brazilian cattle 
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Applications
Detection of honey adulteration

 Carbon Isotope Fingerprint
 Honey adulteration by addition of 

exogenous sugars
 If adulterate by sugar addition, 

carbon isotope fingerprint changes
 Official method AOAC 998.12

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