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Food fraud 

 



Food fraud related to geographical origin 

 



Link with human forensics 
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Geographical provenancing & isotopes 

 Important lesson: 

 1) The success of a “match” can only be appreciated having 
a fair understanding of all other relevant options. 

 2) Additional evidence is often required to confine the 
possible area of origin. 

 
 

 

 

 

 



Geographical provenancing & isotopes 

 General concept: 

 1) Isotopes provide a geo-climatic fingerprint 

 2) You are what you eat (~most isotopes) 

 3) Additional evidence is required; one isotope is not enough. 

 A combination of isotope prediction maps is required: 

 

 

 

 



Climatic variation 

Geological variation 

Temperature = 20 °C 

 

 

 

Granitic rock Sandstone 

Mudstone 

Temperature = 5 °C 

 

 

 

δ2H = - 20 o/oo 

δ18O = -3 o/oo  

δ2H = - 80 o/oo 

δ18O = -12 o/oo  

87Sr/86Sr = 0.709 

[Li] = 40 ppm 

87Sr/86Sr = 0.712 

[Li] = 10 ppm 

87Sr/86Sr = 0.720 

[Li] = 20 ppm 

Geographical provenancing & isotopes 



Spatial prediction models isotopes  

Examples for European mineral water: 

 

 Example 1: δ2H/δ18O <-> climate 

 Example 2: Sr-isotopes <-> geology 

 

 

 

 

 

 



Modelling δ2H and δ18O 

Global dataset δ2H and δ18O in 
precipitation (IAEA) 

Relation between temperature and 
δ18O = -5.9exp(-0.041Tcq) -2.4 



Modelling δ2H and δ18O 

Global prediction model of δ18O in 
precipitation using simple kriging with 
varying local means (SKlm; Van der Veer et 
al. 2009) Sampling of commercial mineral water 

across Europe 



Modelling δ2H and δ18O 

Global prediction model δ18O in 
precipitation using simple kriging with 
varying local means (SKlm) 

(Van der Veer et al. 2009) 
δ18O in precipitation (grey) and in 
mineral water (black) 

= mineral water 

Provides: P(x,y) +/- Conf. limits (x,y) 



Reclassification 

Geological map Europe Reclassified map 

New classes 2.5perc 97.5perc 

Cenozoic 0.708 0.715 

Mesozoic 0.708 0.722 

Palezoic 0.708 0.723 

Paleozoic-Precambrian 0.708 0.739 

Intrusives 0.708 0.728 

Volcanics 0.704 0.714 

87Sr/86Sr in mineral water 

Prediction model for Sr-isotopes in 

mineral water 

Sampling of commercial mineral water 
across Europe 

Modelling Sr-isotopes 



Prediction model Sr-isotopes in mineral water (upper and lower range) 

Modelling Sr-isotopes 



TraceTool v2.0 

The TraceTool is a GoogleEarth webapplication that was 
developed to facilitate working with a combination of 
isotope prediction maps for food authentication 

 

Commodities: 

■ Mineral water (Europe): δ2H, δ18O, 87Sr/86Sr 

■ Olive oil (S-Europe and N-Africa): δ2H, δ13C 

 

Download: 

http://update.maritech.is/tracetool/publish.htm 



TraceTool v2.0 
■ Retrieve predicted range of isotope values for a certain production area: 

 

Mineral water             

d2H = -65.8 to -28.7              
d18O = -9.0 to -4.6        
87Sr/86Sr = 0.708 to 0.715  



TraceTool v2.0 
■ See how specific a combination of isotope values is: 

 



TraceTool v2.0 
■ See how specific a combination of isotope values is: 

 



δ2H = -30.4 ‰; δ18O = -5.3 ‰; 87Sr/86Sr = 0.709 δ2H = -60.5 ‰; δ18O = -9.0 ‰; 87Sr/86Sr = 0.709 

δ2H = -60.5 ‰; δ18O = -9.0 ‰; 87Sr/86Sr = 0.716 δ2H = -80.4 ‰; δ18O = -11 ‰; 87Sr/86Sr = 0.716 

TraceTool v2.0 – Mineral water 



Latest development: Palm oil prediction model 

 

■ Palm oil sampling and analysis of δ2H, δ18O and δ13C 

 



Latest development: Palm oil prediction model 

 

■ Example: δ2H and δ13C 

 



Latest development: Palm oil prediction model 

■ Example δ2H 

 

Global prediction model δ2H in precipitation 
using simple kriging with varying local 
means (SKlm) 

(Van der Veer et al. 2009) Relation between δ2H in global 
precipitation and δ2H in palm oil 



Latest development: Preliminary global Sr isotope 

prediction model (geology) 

Using: 87Sr/86Sr = 87Sr/86Srinitial + 87Rb/86Sr(age x decay) 

 

Required input for base model: 
 Global geological map with rock ages  USGS geol. maps 

 Database 87Sr/86Sr & 87Rb/86Sr  NGDB2.0 

 Outline of major sedimentary basins  Data Sets of Continental Watersheds 
(Graham et al.,1999) 

 

 Requires transfer function from geology to commodity 

 



Latest development: Preliminary global Sr isotope 

prediction model (geology) 

 



Conclusions 
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 Spatial prediction models based on light and heavy isotopes are 
indispensable tools for (food) forensics 

 The approach allows to verify geographical origin of food, and moreover 
gives an indication of how specific the values are in a spatial sense 

 Requires thorough understanding of the relation between isotopes in the 
environment and in food 

 

 

 

 

 

 


