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Feature Articles 
Using Nuclear Techniques to Combat 
Food Fraud 
Technical Officers: Russell Frew and Andrew Cannavan 

Horse meat in your beef burger. Melamine in milk powder. 
Dilution of your superior-quality honey, whiskey, fruit 
juice or rice with inferior substitutes. Reports of food fraud 
make regular headlines in the media, but how big is the 
problem? It is very difficult to say because one of the 
objectives of the deception perpetrated on consumers is to 
avoid detection, but an estimate by the World Customs 
Organisation puts the cost of food fraud at US $49 billion 
annually. There are many different types of food fraud, but 
two have particular food safety implications; economically 
motivated adulteration (EMA), and substitution.

A Federal Register Notice2 of a 2009 FDA Open Meeting 
defines EMA as “The fraudulent, intentional substitution 
or addition of a substance in a product for the purpose of 
increasing the apparent value of the product or reducing 
the cost of its production, i.e., for economic gain. EMA 
includes dilution of products with increased quantities of 
an already-present substance (e.g., increasing inactive 
ingredients of a drug with a resulting reduction in strength 
of the finished product, or watering down of juice) to the 
extent that such dilution poses a known or possible health 
risk to consumers, as well as the addition or substitution of 
substances in order to mask dilution.”

The investment by producers in technology to ensure safety 
and quality should result in higher prices and greater 
market access for their produce. The higher prices, 
however, provide the motivation for fraudsters. When a 
fraudster puts a genuine producer’s label on a cheaper 
product to pass it off as the higher quality article the result 
is, at the very least, a loss of sale for the genuine producer. 
If the consumer has a bad experience with the item, brand 
damage will result and possibly even liability for recall or 
response. 

The horse meat scandal of 2013 prompted the UK 
Government to commission Professor Chris Elliott to 
review the integrity of food supply networks. One of the 
key conclusions from the Elliott review was the need for 
enhanced analytical technologies and in particular greater 

2 
Federal 

Register  

networking of laboratories using these techniques for 
verifying the authenticity of food. A take-home message 
from the recent FAO/IAEA International Symposium on 
Food Safety and Quality: Applications of Nuclear and 
Related Techniques (Vienna, Austria, 10 to 13 November 
2014) was that nuclear and related techniques for 
traceability and authenticity are key to ensuring the 
integrity of national and global food control systems. It was 
agreed that South/south cooperation and support from 
agencies such as the Joint FAO/IAEA Division are 
essential for the effective implementation of such systems. 

What does this mean for the Member States? The 
increasing globalisation of the food supply provides greater 
opportunities for countries that produce high-quality and 
safe food. However, the monetary motivation and 
opportunities for fraudsters are also increasing. The high-
value markets are requiring increasingly sophisticated 
traceability systems. There are very good systems available 
for tracing food through a supply chain, but they all suffer 
from a significant flaw. Traceability systems are essentially 
a paper-trail that passes information along the supply chain. 
The food is identified by a label attached to the package - 
maybe a bar code or radio frequency tag. Therefore the 
traceability system is actually tracking the packing but not 
the contents. All such systems require an independent 
means of verification. This is where nuclear and isotopic 
techniques play a significant role because they provide 
information on the environment where the food was 
produced and hence furnish a link back to the point of 
origin of the food. 

The difference between an origin and a traceability system: Origin 
refers to the starting point...the farm where the produce was harvested. 
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Traceability measures the journey of a product, point-to-point, from its 
origin to its consumption. Traceability systems cannot reliably answer 
questions about origin because they depend on the weakest link in a 
chain of evidence. 

The stable isotope technique makes use of measurements of 
the chemistry of the food itself - inherent properties that 
cannot be readily counterfeited. Such techniques are 
complementary to conventional traceability systems; the 
chemical measurements are not a traceability system per se
but enable verification of origin. This can provide an 
important audit capability for conventional traceability and 
also a means of rapidly determining origin should a food
safety incident occur as a result of substitution of product. 

What are stable isotopes? The isotopes of an element differ 
only in the number of neutrons in the nucleus. Thus the 
stable isotopes are naturally-occurring non-radioactive 
variants of the same element. The extra mass imparts very 
subtle differences in how the isotope will behave 
chemically compared to its lighter isotope. Two general 
rules apply; heavier isotopes form stronger bonds and so a 
reaction involving the heavier isotope will generally occur 
at a slower rate. If equilibrium is established, the heavier 
isotope will preferentially reside in the more condensed 
phase. 

During food production, the components of the food 
undergo a complex series of (bio) chemical reactions 
involving the light elements (H, C, N, O and S). These 
elements all have at least two stable isotopes. The ratio of 
these isotopes in the food is dependent on the 
environmental conditions at the time the food was 
produced. This isotopic fingerprint of a sample can be read 
using isotope ratio mass spectrometers. The fingerprint of 
the sample can be compared with specifications previously 
established for food from that origin to either verify that it 
matches, or to indicate that there is likely to be a problem 
with the declared origin if the isotopic fingerprint in the 
sample does not match the expected fingerprint in authentic 
samples from that origin. 

An example of utilising isotopic patterns is the 
measurement of the H and O isotopes in rainfall. The IAEA 
has been collecting isotope data from precipitation for 
many decades and so the pattern of geographical 
distribution is well known. The same pattern is passed up 
through the food chain and is expressed in any natural 
product. The challenge in applying the technology to make 
use of these patterns is in measuring the very subtle 
isotopic differences in the food matrix. 

Geographic distribution of hydrogen isotopes in precipitation. Red indicates high 2H/1H through to blue which is low 2H/1H. Data from the IAEA GNIP 
database. 

The Food and Environmental Protection Subprogramme 
has a long track record of building capacity within Member 
States for food safety including developing and transferring 
nuclear and related techniques for determining residues and 
contaminants in food, thereby verifying that the food is fit 

for consumption. Food authentication and traceability have 
become increasingly important aspects of food control 
systems, and the Food and Environmental Protection 
Laboratory (FEPL) has responded to Member State 
requests for assistance in this respect by initiating applied 
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research, method development and capacity building 
projects. Research in our laboratory has concentrated on 
two key areas; preparation of quality control materials, and 
the development of analytical techniques for verifying the 
authenticity and origin of foods. Although the key nuclear-
related technique is the measurement of stable isotopes, the 
FEPL is also working on complementary techniques such 
as metabolomics, or chemical fingerprinting and marker 
identification, for food authenticity, detection of 
adulteration and verification of origin. In addition to these 
laboratory activities, the FEPL also coordinates 
international research projects and gives the technical 
support and management to capacity building projects in a 
number of countries.  

Food origin map based on hydrogen isotopes. A model that utilises 
measured relationships among the hydrogen isotopes in rainfall and 
milk powder can predict the hydrogen isotopic composition of milk 
produced across New Zealand. The use of such models greatly reduces 
the cost of developing a database for a traceability system. Ehtesham et 
al., (2013) 

Preparation of quality control materials 

The point of origin technique is essentially a mapping 
exercise. Producers need to measure sufficient numbers of 
samples to adequately define the specification for their 
produce. Measurements from a questioned sample can then 
be compared to the database of authentic samples. Data 
validity is therefore a key issue, and so quality control is 
essential. At present there is a lack of suitable stable 
isotope reference materials that are food based. To help in 
addressing this issue, FEPL is developing grain and dairy 
product materials that are being used in collaborating 
laboratories in our coordinated research and technical 
cooperation projects initially as quality control materials, 
and may ultimately be certified as reference materials.

Development of analytical techniques for verifying 
authenticity and origin

Analytical techniques for measuring stable isotopes are 
generally well-established. However there are a few very 
important techniques that need to be developed or adapted 
to the facilities available to Member States. The accurate 
measurement of hydrogen isotopes in food is complicated 
because a significant portion of the hydrogen in natural 
materials is loosely bound (e.g. carboxylic acids and amine 
groups). Such hydrogen can exchange with hydrogen from 
ambient water and so part of the isotope signal measured 
may arise from the lab environment rather than from the 
food’s origin. FEPL has been adapting a method for 
measuring only the methoxyl hydrogen in a sample (it is 
non-exchangeable) so that it can be achieved on a standard 
elemental analyser with minor modification. Validation of 
this technique is currently under way, and once validated 
the technique will be transferred to Member States through 
training at Seibersdorf and in Member State laboratories. A
similar approach is being taken to develop and adapt a 
method for measuring non-exchangeable hydrogen isotopes 
in sugar. This is an important tool for verifying that 
expensive sugar products such as honey, maple syrup, palm 
sugar etc., have not been diluted with cheap sugar from 
rice. 

Coordinated research and capacity building 

The FEPL currently coordinates two international research 
projects that focus on combatting food fraud and improving 
traceability, each involving collaborating laboratories in 15 
countries. A project on the “Implementation of Nuclear 
Techniques to Improve Food Traceability” has just 
undergone its 3-year review and on the basis of the results 
produced so far, funding has been approved for the final 
two years. A second research project, “Accessible 
Technologies for the Verification of Origin of Dairy 
Products as an Example Control System to Enhance Global 
Trade and Food Safety” commenced in 2013. To help 
Member States in building capacity, two training courses 
on the application of stable isotope and trace element 
analyses for food traceability have been run under a 
regional technical cooperation project in Asia and the 
Pacific on building technological capacity for food 
traceability and food safety control systems through the use 
of nuclear analytical techniques. Capacity is also being 
developed in this field through two national projects (China 
and Uruguay).  

The need for analytical methods to help combat food fraud, 
to underpin mechanisms for tracing the origin of food 
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commodities, authenticating food products, detecting 
adulteration and verifying food traceability has grown 
rapidly in recent years, and will most probably increase in 
the future with the continuing growth in the complexity of 
food supply chains. FEPL will expand its activities in this 
field of work and provide assistance to Member States as 
and when the need arises. 

Building Food Safety Networks in 
Africa through our Work on Food and 
Environmental Protection 
Technical Officer: James Sasanya 

In the last newsletter, we featured our support for food 
safety programs in IAEA/FAO Member States focusing on 
countries in Latin America and the Caribbean as an 
example. This feature article highlights our efforts to 
establish laboratory networks in Africa and the activities 
supported by the Joint FAO/IAEA Division through the 
technical cooperation program. Under the Africa Regional 
Cooperative Agreement on Research, Development and 
Training Related to Nuclear Science and Technology 
(AFRA), a project on “Establishing a Food Safety Network 
through the Application of Nuclear and Related 
Technologies” is being implemented. This involves food 
and environmental safety related institutions in Algeria, 
Botswana, Cameroon, Egypt, Ethiopia, Mauritius, 
Namibia, Nigeria, South Africa, Sudan, Tunisia, Uganda, 
United Republic of Tanzania and Zimbabwe, working 
closely to address common needs and challenges. 

The project has thus far enhanced the application of nuclear 
techniques in food safety control programs such as the use 
of radio receptor assay techniques in these Member States. 
These rapid laboratory screening tools have been 
established by sub-regional networking and collaboration,
it is paving the way for the establishment of a fully regional 
network. The project’s inaugural meeting and training took 
place in Tanzania in August 2012, and subsequently four 
sub-regional workshops have since been held in Tunisia, 
Mauritius, Cameroon and Ethiopia (training over 60 
scientists/lab personnel). This is in addition to group 
training on ISO standards and analytical methods held at 
meeting in Nigeria and South Africa respectively. As 
planned at the inception of RAF5067, participating 
institutions are working with each other and sharing 
experiences, knowledge and resources with the support of 
the FEP Section. Trainees from one event have become 
resource persons in subsequent initiatives. For instance, at 
the end of 2013 Tanzania’s Food and Drug Authority 

trained a laboratory technician from Botswana’s National 
Veterinary Laboratory (BNVL) on analytical tools they 
became familiar with through an earlier RAF5067 event.
Subsequently, in early 2014 BNVL consolidated and 
promulgated the knowledge they had obtained from 
Tanzania by training two analysts from Uganda. 

Having access to a broad range of validated analytical 
methods to support food and environmental safety 
laboratory work is one of the biggest challenges faced by 
Member State institutions. In addition to obtaining 
analytical methods through the Joint FAO/IAEA’s food 
contaminant residue information system (FCRIS) database, 
the RAF5067 network has identified ways to share their 
own laboratory methods. For example, analysts from 
Egypt, South Africa, Ethiopia, Uganda and Zimbabwe 
trained together for one month on various analytical 
techniques at the Onderstepoort Veterinary Institute in 
South Africa. Through their training and collaboration at 
that event, they have established an understanding of each 
other’s needs and the benefits of sharing their own methods 
of analysis. 

By growing as a network and working collaboratively, 
RAF5067 participants have also undertaken proficiency 
testing using inter-laboratory trials of radio-receptor assay 
tools obtained as part of the sub-regional workshops. 
Furthermore, these activities have served as a springboard 
for establishing an African Food Safety 
Network, AFoSaN (www.africanfoodsafetynetwork.org). 
The AFoSaN members are to encourage many other 
laboratories to join in their activities and collaborate on 
pertinent food safety issues. One of the major concerns in 
many IAEA Member States and being addressed in the 
AFRA RAF5067 project is the issue of aflatoxins (potent 
carcinogens) in foods. In this regard, the AFoSaN is 
collaborating in the Partnership for Aflatoxins Control in 
Africa (PACA) under the African Union Commission 
(www.aflatoxinpartnership.org/). Thus PACA 
representatives participated in the RAF5067 sub-regional 
food safety stakeholder workshop held in Ethiopia from 24 
to 28 November 2014, to discuss and find ways of jointly 
addressing the challenges and opportunities associated with 
controlling Aflatoxins. 

Members of AFoSaN also participated in the International 
Symposium on Food Safety and Quality organized by the 
Joint FAO/IAEA Division in Vienna, Austria and 
participated in discussions on global food safety issues. 
They also took this opportunity to visit the Austrian 
Agency for Health and Food Safety to find out more about 


