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What is Nuclear Forensics?

Nuclear forensic science, referred to
as nuclear forensics, is a subset of 
forensic science.

Nuclear forensics is the examination
of nuclear or other radioactive
materials, or of evidence
contaminated with radionuclides, in
the context of legal proceedings
under international or national law
related to nuclear security.
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What is Nuclear Forensics? cont…
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Forensic Science Disciplines

Biological
Evidence
Analysis

Pattern and
Impression
Analysis

Tool Mark and 
Firearm Analysis and more… Nuclear Forensic

Science

• Human (e.g. DNA)
• Animal
• Plant (e.g. pollen)
• Fungal

• Fingerprints
• Tyre imprints
• Shoe imprints
• Bite marks

• Tools marks
• Markings on cartridge

cases

• Physical characteristics
• Chemical composition
• Elemental composition
• Isotopic rations
• Radiochronometry
• Evidence contaminated

with radionuclides

Traditional forensic science disciplines, the majority 
have considerable history, are scientifically 

established and findings are admissible in court.



What is Nuclear Forensics? Cont…
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Nuclear Forensics 
Science

•Physical characteristics

•Chemical composition

•Elemental composition

•Isotopic ratios

•Radiochronometry

•Evidence contaminated 

with radionuclides



Types of Nuclear Forensic Samples
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Sample Type Potential Forensic Value Laboratory Requirements

Bulk nuclear or other 
radioactive material

• Inform determination of violation of
possession statutes

• Identify possible material origin or
process history

• Connect cases

• Capability and infrastructure for handling
and characterising bulk amounts of
nuclear or other radioactive material

• Expertise in nuclear fuel cycle
technology

Items contaminated with 
radionuclides

• Identify places where materials have
been handled or processed

• Link people to material

• Capability and infrastructure for handling
radioactively contaminated items

• Trace analysis capabilities
• Ability to perform (selected) traditional

forensic examinations

Environmental or geologic 
samples associated with nuclear
or other radioactive material

Provide information on possible smuggling
routes or pathways over which the nuclear
or other radioactive material may have
been transported

Expertise with environmental, biological etc.
analysis (minerals, dust, pollens, etc.) and
interpretation of geological and geochemical
data

International Atomic Energy Agency, Nuclear Forensics in Support of Investigations, IAEA Nuclear Security Series No. 2-G (Rev.1) IAEA, Vienna (2015)



Two Degrees of Analysis
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Categorization Characterization
 Assessment of material by making 

preliminary determinations of relevant 
radionuclides present and the 
associated levels of radiation. 
Generally occurs at the scene of the 
event and confirmed at laboratory

 Helps to determine if statutes covering
the unauthorised use or possession of
radioactive material have been broken

 Determination of the nature of the 
material through physical, chemical, 
elemental and isotopic analysis, 
including major, minor and trace 
constituents, as necessary

 Does not typically include analysis 
using traditional forensic disciplines, 
nor does it comprise interpretative 
steps



Properties of Nuclear and Other Radioactive Material
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• Physical characteristics
• Dimensions
• Mass
• Density

• Colour
• Particle size
• Morphology

• Chemical and elemental characteristics
• Elemental ratios
• Chemical form
• Trace elements

• Main constituents
• Anionic impurities
• Crystal structure/Phase composition

• Radioisotopes
• Stable isotopes
• Decay products

• Isotopic characteristics

Isotope %
234U 0.0054
235U 0.7204
238U 99.2742

Uranium has three naturally
occurring isotopes



Application of Nuclear Forensics
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 Utilizes physical, chemical, 
elemental and isotopic 
“signatures” inherent to nuclear
and other radioactive material to
provide insight to its origin and
history

 Provides findings that may 
support court proceedings

 Can be used for strengthening 
nuclear security systems and 
methods



Nuclear Forensic Signatures
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Nuclear forensic signatures are a characteristic, or set of 
characteristics, that can enable a sample to be
distinguished, by exclusion or individualization

 Ideally, a signature, or set of signatures, points to a
certain class of materials, processes or geolocations

 Signatures may also exclude a family of
materials, processes or geolocations

 Signatures are created and modified
throughout the lifecycle of nuclear and other
radioactive materials



Nuclear Security
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Prevention                                     Detection                                                Response

… theft, sabotage, unauthorized access, illegal transfer or other malicious acts 
involving nuclear material, other radioactive substances or their associated 

facilities.



Relationship between 
Prevention, Detection, and Response Measures
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Material 
Origin

Material 
Use

Material 
Disposal

Material 
Transport

Material Under 
Regulatory Control

Material Loss 
or Theft Nuclear 

Security 
Event

Prevention Detection Response

Material Out of Regulatory Control



Illicit trafficking of nuclear and radioactive materials

Illicit trafficking of nuclear and radioactive materials has been  an 
issue of concern since the beginning of 1990s when the first case was 
reported to the International Atomic Energy Agency (IAEA, 2022).
The use of nuclear or radioactive material generates some risk due to 

radiation being emitted even if they enter the human body at low 
levels (Aggarwal 2016).
The main security concerns relating to nuclear and radioactive 

material use are the potential for theft and construction of radiological 
dispersive devices (RDDs) (Hutcheon, Kristo et al. 2013). 
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IAEA Incident and Trafficking Database (ITDB)
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Confirmed incidents 

Incidents reported to the ITDB that are confirmed, or likely, to be connected with 
trafficking or malicious use, 1993 – 2025.

 The majority of incidents reported to the IAEA over the years have been due to theft and poor management.



Illicit trafficking of nuclear and radioactive materials

 In South Africa, cases of illegal trafficking of nuclear materials has been reported to the 

South African Police Services (SAPS) custody (Mogafe et al., 2015): 

 Two containers of uranium materials (weighing 1.2 kg and 0.5 kg ) reported on 

10th January 2012 in Sandton area, Johannesburg,

 One container containing uranium was (weighing 0,8 kg) seized on 13th

January 2012 in Sandton area,

 Two men arrested on 14th November 2013 on suspicion of having uranium and 

some pills stored in a plastic bag.
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National Response Plan
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- LAW ENFORCEMENT AGENCY - South African Police Services 
(SAPS), Bomb Disposal Explosive Section or any law enforcement,

- NECSA EMERGENCY CONTROL CENTRE (ECC) - the first contact 
point on all incidents involving illicit radioactive and nuclear materials 
brought into Necsa site,

- NUCLEAR OBLIGATIONS MANAGEMENT SERVICES (NOMS) -
responsible for communicating nuclear forensics incident to Necsa Security 
Services Department, 

- NUCLEAR LIABILITIES MANAGEMENT (NLM) - Necsa’s main 
temporary storage facilities department for nuclear forensics material or 
samples,

- NUCLEAR SAFEGUARDS MANAGEMENT - responsible for 
reporting incident to the IAEA (on the IAEA’s ITDB),

- NATIONAL NUCLEAR REGULATOR (NNR) - monitor and enforce 
regulatory safety standards for prevention of nuclear accidents or 
mitigation of nuclear accident consequences,

- SECURITY SERVICES MANAGEMENT - assist with the escort services 
in cases where SAPS officials are transporting the material on site. 

- NETWORK OF LABORATORIES – e.g. Center for Applied Radiation 
Science and Technology (CARST) at North-West University.

(Mogafe et al., 2015) 



OBJECTIVE

Develop a method to determine the weight percent of 
elemental uranium (U) and U₃O₈ in a solid sample 

using ICP-MS after acid digestion and dilution
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Certified Uranium Ore Concentrate CUP-2
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Methodology

Parameter Value
Sample type UO2 solid
Sample mass used 0.200 g
Digestant 10 M HNO₃
Digest volume 5.0 mL
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Methodology

Parameter Value
Sample type UO2 solid
Sample mass used 0.200 g
Digestant 10 M HNO₃
Digest volume 5.0 mL
Aliquot taken for 
dilution

100 µL (0.100 mL)

Final dilution volume 1000 mL (1.000 L)
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ICP-MS Measurement
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ICP-MS Result

Analyte Reported 
Concentration

Units

Uranium (U) 3061.92 ppb (µg/L)
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Calculations

Equation 1: Uranium Concentration in the Solid Sample
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Calculations cont…

Equation 2: Weight Percent of Uranium
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Calculations cont…

Equation 3: Conversion to U₃O₈
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Results

Result Value
Elemental U (wt%) 76.55 %
U₃O₈ equivalent (wt%) 90.27 %
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Conclusion

 The ICP-MS analysis of the acid-digested U₃O₈ sample indicates that the 
material contains 76.55 wt% uranium, corresponding to 90.27 wt% U₃O₈. 

 These values fall within the expected purity range for high-grade U₃O₈.

 This study underscore the importance of nuclear forensics in the nuclear 
security and safeguard, giving the current move towards nuclear power 
mix.

 It also showcases the capability of our laboratory to generate its own 
nuclear forensics library-database for non-proliferation and check of illicit 
trafficking in nuclear and radioactive materials.
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