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ABSTARCT

The central problem investigated in this thesis is nuclear forensic support in 
Sudan, the thesis comprises five chapters, began with an introduction 
containing the art o f forensic science, stated the importance o f it in criminal 
investigations. The forensic science was defined, and stated the principles 
which it underlying, including: principle o f individuality and principle of 
exchange, the divisions o f this science has been clarified, then it discussed 
the crime scene and the collecting o f evidence, where starting the forensic 
science at the crime scene, with clarifying the principle o f crime scene 
investigation. Nuclear and other radioactive material was discussed; defining 
a radioactivity with the material source. It placed into 3 general categories: 
special nuclear materials, reactor fuel, and commercial radioactive sources, 
and mention each category and it characteristics. Radiation is part of our 
environment was clarified, and discussed what the effects on organisms and 
populations are. Nuclear forensics was presented, and how problem o f the 
safeguarding o f the nuclear material beginning.
The emerging nature o f the problem was discussed, the radiological crime 
scene management was explained, importance o f securing the scene with an 
examples o f equipments and instruments for on-scene radiation safety 
assessment and how the collection o f evidence, storage, transport & 
disposition with stated example o f case study. The nuclear forensic 
laboratory analysis was discussed and how to set the designated nuclear 
forensic laboratory, also nuclear forensic interpretation, and the chain of 
custody was mentioned.
The role o f Regulating authority in nuclear forensic support was discussed, 
specifically in Sudan, International cooperation have also been reminded, as 
well as memorandum of understanding was mentioned between SNRRA and 
The administration o f forensic evidence, and one o f it results is the 
radiological surveys unit in forensic administration, how the unit is 
configured, the role o f the unit, Finally conclusion o f research was 
conducted, and a number o f recommendations have been mentioned by the 
researcher.
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CHAPTER ONE 
INTERODUCTION

1.1 Background:

The first seizures of nuclear or otherwise radioactive material were reported in 
Switzerland and Italy in 1991. Later, reports of incidents of nuclear material occurred in 
Germany, the Czech Republic, Hungary and other central European countries. Nuclear 
forensic became a new branch of scientific research with the intent of not only 
determining the nature of the material, but also the intended use of the seized material as 
well as its origin and about the potential trafficking routes.
Nuclear forensic is the analysis of intercepted illicit nuclear or radioactive material and 
any associated material to provide evidence for nuclear attribution. The goal of nuclear 
analysis is to identify forensic indicators in interdicted nuclear and radiological samples 
or the surrounding environment, e.g. the container or transport vehicle. These indicators 
arise from known relationships between material characteristics and process history. 
(IAEA, 2006). Thus, the nuclear forensic analysis includes the characterization of the 
material and correlation with its production history. Where was the material obtained — 
in stock, scrap, or waste?
Nuclear forensic, the analysis of nuclear materials recovered from either the capture of 
unused materials, or from the radioactive debris following a nuclear explosion, can 
contribute significantly to the identification of the sources of the materials and the 
industrial processes used to obtain them. In the case of an explosion, nuclear forensic can 
also reconstruct key features of the nuclear device.
The nuclear forensic analysis works best in conjunction with other law enforcement, 
radiological protection dosimetry, traditional forensic, and intelligence work to provide 
the basis for attributing the materials and/or nuclear device to its originators.
Nuclear forensic is a piece of the overall attribution process, not a stand-alone activity.
A believable attribution capability may help to discourage behavior that could lead to a 
nuclear event. The chain of participants in a nuclear terrorist event most likely includes a 
national government or its departments, since nearly all nuclear weapons usable material 
is at least notionally the responsibility of governments. A forensics capability that can 
trace material to the originating reactor or enrichment facility could discourage state 
cooperation with terrorist elements and encourage better security for nuclear weapon 
usable materials. In addition, most terrorist organizations will not have members skilled 
in all aspects of handling nuclear weapons or building an improvised nuclear device. That 
expertise is found in a small pool of people and a credible attribution capability may deter 
some who are principally motivated by financial, rather than ideological, concerns.
The need for nuclear forensic science has emerged from the concern over the smuggling 
of nuclear materials. Its role is to determine the nature of seized material, its intended use 
and origin (IAEA International Conference, Karlsruhe, 2003).
Nuclear forensic for attribution involves comparing data and analyses from the samples 
recovered with data and analyses from samples from identified sources.
Forensic analysis for attribution therefore requires that data concerning foreign-origin 
material be available. Therefore, the nuclear forensic analysis would benefit from as 
much international cooperation as possible.
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Following a nuclear explosion, trained forensics teams would need to promptly gather 
highly radioactive samples from fallout and from the atmosphere. The response to 
specific nuclear incidents requires a graded approach. The first responders, and forensics 
teams is necessary.
Nuclear forensic results such as the origin and history of materials and type of explosive 
device are not available immediately. Some constraints come from nature; some from 
personnel and equipment availability; some are due to the iterative nature of interpreting 
nuclear data, where initial results are fed into computer codes before being subject to 
further analysis. Political leaders will face a period of uncertainty that could range from 
days to months, during which forensics and other attribution information gradually 
becomes available.
Nuclear forensic remain a technically complex challenge for the science and law 
enforcement communities.
The difficulty in successful forensics work, especially as part of an attribution process, 
should not be underestimated.
However, the potential for nuclear forensic to play a crucial role in the analysis of both 
pre- and post-detonation materials is enormous. The problems of a declining pool of 
technically competent scientists, the need for new technology, and the utility of 
international cooperation, all point to the need for a set of new initiatives in order to 
maximize the potential impact of nuclear forensic.
The training of appropriate personnel should be accelerated. A program to do this would 
involve funding research at universities in cooperation with the relevant laboratories, 
funding graduate scholarships and fellowships, and funding internships at the 
laboratories, development of laboratory and field equipment and numerical modeling.
A program should be undertaken to develop and manufacture advanced, automated, field 
compatible equipment that would allow the necessary measurements to be made rapidly 
and accurately at a number of sites. Such field equipment is not now readily available. 
These two programs, together with more adequate staffing, would result in measurable 
shortening the time needed before reliable forensics findings could be available.

1.2 Aim of study:

* To shed light on the case of The Status of Nuclear Forensic Support in Sudan, how its 
started and the development in both side detection and analyses.

■ To promote further development of nuclear forensic methods and international co
operation among laboratories, and to facilitate access to such capabilities for use by 
national law enforcement authorities in investigating and prosecuting nuclear crimes.
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1.3 Out lines of this thesis:

The thesis consist of five chapters, chapter one is the introduction of research, 
chapter two Literature review describe various key terms in the area of forensics science 
and nuclear forensics, chapter three is method and result, which describe method in a case 
study and the result of using the steps of radiological crime scene investigation . While 
chapter four is Discussion, chapter five conclusions and outlines other recommended 
activities in the area of nuclear forensics support in Sudan.
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CHAPTER TWO 
LITERATURE REVIEW

2.1 The art of forensic science:
Crime is as old as human civilization, so also conviction and punishment in one 

form or the other. After enactment of laws, the criminal cases are put on trial, in the 
courts of law in establishing the guilt or innocence of a person. The guilty persons are 
convicted by the courts and punished for their committed crimes.

The traditional methods of investigation adopted by the police in crime investigations 
have not proved very fruitful in attaining the required conviction rate. In recent years, due 
to the application of knowledge and techniques of forensic science, there have been a 
relatively higher increase in conviction rate of various crimes but still the conviction rate 
doesn’t balance with the crimes committed.

The trial of criminal cases in the courts of law was mainly based upon oral evidence of 
the eyewitnesses, which has gradually lost its value in the contemporary society due to 
non-observance of ethical codes of conduct and decreasing moral values of human 
beings. Furthermore, the eyewitnesses by threats, pressures or by offering material and 
monetary gains could get the criminal acquitted. As a result of these, the eyewitnesses 
were disbelieving and declared as hostile witnesses.

Hence, in the contemporary society, it has become extremely important to collect such 
evidence in criminal cases. As is well known, the evidence, which did not tell lies and 
were irrefutable, were actually physical evidences. Initially the most reliable evidence 
was discovered in the form of fingerprints, footprints, biological stains and other marks. 
Today, from fingerprints we have reached to level of DNA profiling, which is the most 
reliable scientific evidence in proving the guilt or innocence of a person. Not only this, 
the forensic evidence can connect a person with the crime scene, weapon of offence, 
victim of crime and vice-versa.

The forensic is making efforts to track down the criminal and link the crime to a criminal 
with certainty during the last few years. DNA typing technology and computer forensics 
have come to the rescue of forensic experts in solving heinous crimes like murder, rape 
and serious economic offences, and thus when offences are scientifically investigated the 
criminal cannot go undetected.

Now it is also seen that the state sponsored crime and the terrorist activities are on the 
rise. Again, this has to be fought through forensics only.

Crime is now globalized and not confined to any specific area and hence it also aims for 
international standards. The forensic laboratories are now accredited by international 
bodies for giving forensic results that are universally acceptable.
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The bullet fired from firearms at one corner of the globe can now be linked with lie  one 
fired at some other place through secured networking facilities. Small cell phone 
forensics now helps in detection of number of crimes, be it a case of abduction, terrorism, 
hijacking, murder, rape or even economic offences.

In scientific investigation and interrogation, new techniques like brain mapping and 
Norco analysis are playing major roles against which even professional criminals tail to 
stand against these techniques. New Nano-Chips will soon appear which it is claimed can 
be implanted into our nerve system and through them activities o f the individual can oe 
monitored. This trend if successful w ill be a new challenge to our forensic eommunit} 
Again genetically modified food is coming to be Hooded in the market. This na> ha\e 
some good palatable points, but their frackside will be disastrous. Similar!}, genetic 
engineering aspects o f criminal or human being are going to offset the glooim picture. 
Forensic scientists have to face these new challenges in the near future.

Digital forgery is soon going to be a real issue with the soeial justice sxstem as it can 
withstand the test o f  time. The police and even the public have to be aware about the 
importance of forensic in the social justice system. Society has now started g ving due 
recognition to the forensic. Laws o f different countries are now stressing on forensic 
evidence. They seek justice through forensic science.

The forensic laboratories o f developed countries in order to create confidence w ith the 
police are getting accredited. Our laboratories in Sudan are also not far behind in this 
respect.

Sudan police headquarter realizing the importance o f forensic, and the administration of 
forensic evidence is now trying to strengthen the forensic base in all the states, giv ing the 
required technical and financial assistance to the states under the police modernization 
grant. The state forensic set up gets central funds for modernizing their laboraton 
facilities procuring modern analytical equipments and also for district mobile forensic 
units. Forensics is thus able to now reach to grass root levels o f the investigating officers 
through the district crime scene units, which assist the investigating officers in collection 
of scientific clue that can link up the crime with criminals. Thus, in totality forensic 
makes the case cost effective.

Definition:

Forensic science is the scientific method of gathering and examining information about 
the past which is then used in a court o f law (The Free Diet onary. 2015). The word 
forensic comes from the Latin forensis, meaning "of or before the forum" (Oxford 
University Press. 2007). In Roman times, a criminal charge meant presenting the case 
before a group o f public individuals in the forum. Both the persoi accused o f the crime 
and the accuser would give speeches based on their sides o f the story. The case would be
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decided in favour of the individual with the best argument and delivery. This origin is the 
source of the two modern usages of the word forensic -  as a form of legal evidence and 
as a category of public presentation. In modern use, the term forensic is effectively a 
synonym for legal or related to courts. However, the term is now so closely associated 
with the scientific field that many dictionaries include the meaning that equates the word 
forensics with forensic science.

Forensic science and humanitarian work:

Forensic science is used for humanitarian purposes to clarify the fate of missing persons 
after armed conflict, disasters or migration, and is one of the services related to restoring 
family links and missing persons. Knowing what has happened to a missing relative can 
often make it easier to proceed with the grieving process and move on with life for 
families of missing persons. Forensic science is used by various organizations to clarify 
the fate and whereabouts of persons who have gone missing. The International 
Commission on Missing Persons (ICMP) uses forensic science to find missing persons. 
(International commission on missing persons, 2014).

2.2 Principles and divisions of forensic science:

2.2.1 Principles:

The laws and principles of all the sciences form the basis of forensic evidence. In 
addition, it has developed its own principles: (B.R.SHARMA, 2003).

1. Law of individuality:

Every object, natural or man-made, has individuality, which is not duplicated in any other 
object. It is unique. Neither the nature has duplicated itself, nor man can.

The individuality has been verified in certain fields. The most extensive work has been 
carried out in fingerprints. Millions of prints have been checked, but no two fingerprints, 
even from two fingers of the same persons have been ever found to be identical.

The law of individuality is of fundamental importance in forensic science. Anything and 
everything involved in a crime, has individuality. Thus the culprit is unique, his modus 
operandi is unique, his weapon of offence is unique, scene of crime is unique, evidentiary 
clues, leftover or picked up by the culprit, are unique. We have just to identify the 
uniqueness to link the crime with the criminal.

2. Principle of exchange:

‘Whenever two entities come in contact, there is an exchange of traces mutually’.
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This is the principle or law of exchange. The French scientist, Edmond Locard, first 
enunciated it. It is also known as the Locard’s principle. According to the principle, when 
a criminal and/or his instruments of crime come in contact with the victim or objects 
surrounding him, they leave traces. Likewise, the criminal and/or his instruments pick up 
traces from the same contact. Thus, a mutual exchange of traces takes place between the 
criminal, the victim and the objects involved in the crime. If these left over traces are 
identified to the original source, the criminal or his instruments or if they picked up traces 
are linked to the victim, the scene or the objects around the victim at the scene, they 
establish the contact and pin the crime on the criminal.

The principle of exchange is amply demonstrated in hit and run cases and in offences 
against person, tracks and trails (scent, foot and footwear marks). Chance fingerprints, 
tool marks, dust, paint, soils and are other manifestations of the same principle.

3. Law of progressive change:

‘Everything changes with the passage of time’.

In other words, nothing is permanent-immutable or invariable. The rate of change varies 
tremendously with different objects.

The impact of the law of forensic science is immense.

The criminals undergo progressive change. If he is not apprehended in time, he becomes 
unrecognizable except perhaps through his fingerprints, bone fractures or other 
characteristics of permanent (comparatively speaking) nature (which are not always 
available) like body fluids which contain body cells which have a unique DNA profile. 
The scene of occurrence undergoes rapid changes.

The principle, therefore, demands prompt action in all aspects of criminal investigation.

4. Principle of comparison:

‘Only the likes can be compared’.

It is the principle of comparative. It emphasizes the necessity of providing like samples 
and specimens for comparison with the questioned items.

5. Principle of Analysis:

‘The analysis can be no better than the sample analysed’.

Improper sampling and contamination renders the best analysis useless. The principle 
emphasizes the necessity of correct sampling and correct packing for effective use of 
experts.
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6. Law of probability:

All identification, definite or indefinite, is made, eomciouslv or unconsciousiv. on :he 
basis of probability.

'Probability' is mostly misunderstood. If we say that according to probability a particular 
fingerprint has come from the given source, the defense counsels w ill make most of the 
words and plead that it is not a definite opinion. Consequently, it is not customarv to talk 
of'probability* or 'probability figure' in the courts.

7. facts do not lie

'facts do not lie. men can and do'. Hence the importance of circumstantial evidence is a 
this oral evidence. The oral testimony o f the witness is modified bv auto-suggestion.

#  »  w  w

external influence, suggestions, descriptions and opinions o f others and rationalization 
Oral evidence, therefore, is coloured, whereas material evidence is liee from these 
infirmities.

2.2.2 Divisions of forensic science:

The forensic laboratories have the following basic divisions which are rendering 
forensic support services to the various investigating agencies in scientific analysis of 
exhibits and collection/detection o f relevant physical clues from scenes o f crime. The 
scientists o f the laboratory are pul to rigorous trainings in order to upgrade the existing 
forensic skills and to induct innovative technologies in the field o f forensic science (The 
Central Bureau o f Investigation INDIA. 2015).

- Ballistics & explosives division.

-Biology division and DNA profiling unit.

- Chemistry division.
•»

-Computer forensic division.

- Document division.

- fingerprint division.

- Phvsics division.
*

- Photography division.
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2.3 Crime scene unit and the collecting of evidence

2.3.1 Crime scene investigation:

Forensic science begins at the crime scene, and know-how for conducting a 
proper crime scene search is a prerequisite for arriving at the intricacies connected with 
the crime. This in turn involves the collecting of physical evidence from the crime scene 
and using the same effect. For this, the crime scene officers have to first recognize the 
presence of the physical evidence at the crime scene and look for it at every conceivable 
angle. There is only one chance to conduct a proper and through search, and hence every 
effort should be put in to collect every possible evidence from the scene of crime.

When a suspect enters a crime scene, he/she leaves something behind and/or takes 
something away from the scene. This provides an opportunity to link the suspect with the 
scene and the crime, provided the evidences have been collected properly and all victims 
and suspects have been examined carefully.

Physical evidence is any material, big, small or microscopic, solid, liquid or gas that may 
aid in the determination of the truth during the investigation of crime.

Physical evidences that are to be sent for scientific analysis into seven major groups:

1. Blood, saliva, and semen 

3. Shoe and tyre impressions 

5. Questioned documents

2. Latent impressions 

4. Tool Marks 

6. Soil

7. Glass

2.3.2 Principles in crime scene investigation:

The golden rules to follow in a crime scene investigation are as given below (Prof (Dr.) 
Vimala veeraraghavan, 2004):

Never touch, change, or alter anything until it has been documented, identified, 
measured, and photographed because when a body or article has been moved, it 
can never be restored to its original position.
Make a photographic record of the scene.
Sketch the scene. Document true relationship of items locations and distances. 
Evaluate items with a potential evidential value.
Perform detailed search of the scene.
Perform a final survey of the scene and double-check documentation and 
thoroughness of search.
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■ On reaching the scene, establish control and perfect scene of crime. and follow it 
with a direct preliminary survey.

■ Assign clear duties to those who assist in the crime scene in\ estimation.
■ Everything that is observed should be noted which should be a constant part of the 

process.
■ The scene should be searched directly and the crime scene officer should be 

prepared for any unforeseen circumstances as they occur in keeping with the 
goals/objcctives o f the search.

■ While going through the crime scene investigation, the crime scene officer must 
check if those who have been assigned w ork have completed their assignments

■ Then check the entire documentation for completeness and make sure there are no 
errors.

■ Photograph the final condition of the scene. Complete all the evidence inventor}, 
and documentation.

■ Every effort should be put in to search all difficult access areas and document all 
evidence observed there thereof.

■ The crime scene investigation can be released only after completion of the linal 
survey and the necessary documentation is complete. The date and time of release 
and to whom the crime scene investigation was released should be noted.

■ All the inlormation/evidence developed/eollected, etc. should be e\ aluated for 
accuracy, authenticity and completeness.

"An expert is someone who knows some of the worst mistakes that can be made in his 
subject and who manage to avoid them." Werner Heisenberg (1901-1976: German 
physicist).

2.4 Nuclear and other radioactive materials:

Radioactivity is a natural phenomenon that occurs when unstable atoms (isotopes) 
seek stability by emitting energy in the form of radiation (radioactive decay). The amount 
of energy and the form o f emitted radiation vary a lot among the radioactiv e elements. 
Highly radioactive substances such as cesium-137 are transformed very quickly, with a 
high number o f disintegrations per second and a short half-life. Isotopes such as uranium- 
235 or uranium-238 only decay with a few disintegrations per second and their 
corresponding half-lives in the range o f several hundred million years. According to 
these different properties, radionuclides have many different applications. This stretches 
from their use as tracers o f biological, physiological, and geological processes, in 
medicine, all the way to their use in weapons o f mass destruction (Ha wag aquatic 
research institute, May 2013).
Since the bombing o f Hiroshima and Nagasaki (1945) and the Chernobyl catastrophe 
(1986). atomic energy became a symbol o f power and evil.
Radiation became a part o f our physical world fact ol everyday life. The natural sources 
of radiation in environment are responsible for some backgro.ii <1 radiation (I.iesel. 2005)
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Sources of nuclear and other radioactive materials:

Nuclear materials can be placed into three general categories: special nuclear materials 
(SNM), reactor fuel, and commercial radioactive sources (see Table 1). SNM includes 
the IAEA categories (M. J. Kristo, et al, 2004) of high enriched uranium (HEU), which 
itself includes the sub-category of weapons-grade uranium (WGU) and weapons grade 
plutonium (WGPu). WGPu also includes the sub-category of super-grade plutonium or 
SGPu. Reactor fuel includes the IAEA categories of low enriched uranium (LEU), 
reactor grade plutonium (RGPu), fuel grade plutonium (FGPu), and MOX grade 
plutonium (MGPU).

SNM are materials that can be used to construct a nuclear weapon, including uranium 
with (U235) enrichments greater than 20% and plutonium with less than 7 % of the Pu240 
isotope (V. Bragin, et al, 2001). SNM make an especially attractive target for nations and 
terrorist organizations intent on developing a nuclear weapon, because possession of 
sufficient amounts of SNM eliminates the necessity of developing the advanced 
technology required for isotopic enrichment of uranium or plutonium separation. 
However, nuclear nations provide extensive security for their stockpiles of SNM in order 
to prevent the theft and terrorist use of nuclear materials or weapons.
Reactor fuel typically consists of uranium or a mixture of uranium and plutonium. 
Uranium is usually present as either uranium dioxide (U02) or uranium carbide and has 
either natural isotopic composition or is isotopically enriched to a few percents235. 
Plutonium has been most often present as plutonium oxide (Pu02). Most reactor fuel 
cannot be used to make a nuclear weapon without undergoing further enrichment in 
(E235) or chemical separation of the plutonium from the fuel. In addition, it is critical that
the isotopic abundance of (Pu24U) and (Pu 42) be below a specific percentage in order to 
be weapons-usable. Therefore, plutonium from highly irradiated fuel may not be suitable 
for use in a nuclear weapon.
Spent reactor fuel is extremely radioactive and could be used as part of a radiological 
dispersal device (RDD) or so-called “dirty bomb”. Fresh reactor fuel poses less of a 
radiation risk than spent fuel, although it is still dangerous if inhaled or ingested. 
Furthermore, the public perception of the radiation risk would most likely be much 
greater than the actual risk, so the psychological impacts engendered by detonation of 
RDD manufactured from fresh reactor fuel could be just as great that from an RDD made 
from spent fuel.
Commercial radioactive sources consist of chemically purified isotopes that decay by 
emission of alpha, beta, or gamma rays. These isotopes are most commonly produced in 
nuclear reactors, although some isotopes can be made in accelerators as well. They are 
produced either as a product of the fission process, e.g.,Cs137,Sr90, or as a result of 
neutron capture, e.g., Ni60,Am241. These radioactive isotopes are useful sources of 
radioactivity for medical diagnostics and therapy, non-destructive analysis of materials, 
sterilization of medical equipment and food, and generation of electricity in remote 
locations. The significant level of radioactivity in many commercial radioactive sources 
makes them attractive components of an RDD.
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Table (1)
Categories of nuclear materials (Opcit, p.5)

IAEA Categories Characteristics

SNM
High Enriched Uranium (HEU) >20% (U23S)
-- Weapons-Grade Uranium (WGU) Pure uranium metal

>93% (U235)
Weapons-Grade Plutonium (WGPu) Pure plutonium metal 

<7% Pu240
-- Super-Grade Plutonium (SGPu) Pure plutonium metal

<3% Pu240
Reactor Fuel
Low Enriched Uranium (LEU) <20% (typically 3-5%) U235
Reactor-Grade Plutonium (RGPu) Produced in nuclear power reactors

>19% Pu240
Fuel-Grade Plutonium (FGPu ) Produced in nuclear reactors 

>7% and <19% Pu240
MOX-grade Plutonium (MGPu) Recycled from mixed (uranium + plutonium) 

oxide fuel 
>30% Pu240

Radioactive sources 
Typical Uses Common Constituents
Medical Diagnostic Sources Short-lived radioisotopes
Radiotherapy Sources Co60 and Cs137
Irradiators/Sterilizers Co60 and Cs137
Radiography/NDT Ir192
Gauging Co60, Cs137, Am241
Radioisotope Thermoelectric Generators 
(RTG)

Pu238 , Cm244, and Sr90
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2.5 Occurrence of radionuclides:

2.5.1 Radionuclides in the environment:

Radiation is part of our environment. It comes from both natural and man-made sources. 
Natural sources include cosmic radiation from space, radioactive rocks and soils, and 
other radioactive materials found in food and water. Humans have been exposed to these 
natural radiation sources since the dawn of humanity. Man-made sources of radiation 
include medical diagnosis and treatment, nuclear power industry, scientific research, 
consumer products, and nuclear weapons testing (National Law Enforcement and 
Corrections Technology Center, 2002).
There are actually two kinds of radiation, and one is more energetic than the other. It has 
so much energy it can knock electrons out of atoms, a process known as ionization. This 
ionizing radiation can affect the atoms in living things, so it poses a health risk by 
damaging tissue and DNA in the genes. While there are other, less energetic, types of 
non-ionizing radiation (including radio waves, microwaves—and visible light).
2.5.2 Fate in ecosystems:

The characteristics of radioactive particles will depend on the source and the release 
conditions. During accidents, such as the nuclear disasters of Chernobyl and Fukushima 
Daiichi, radioactive particles with different composition, size, shape, and structures are 
released. Fragments and large particles settle close to the site, whereas small-sized 
particles are transported far away in the atmosphere. Mobile colloids and nanoparticles 
can also be transported a great distance in water. With time, these particles eventually 
settle and accumulate in soil and sediments, constituting a potential long-term diffuse 
source of radiation to the environment.
Some levels of radiation are naturally present in surface and ground water, but other 
degrees of radiation exposure come from contact with rocks and soil that have been 
contaminated with the artificially produced radionuclides mentioned above. Releasing of 
radionuclides in the environmental materials is part of the immediate pathways to 
commonly encountered hazardous radionuclides through accidents, poor waste disposal, 
or other means. Contamination of food and water sources can occur from dust transported 
by wind from uranium mine sites and waste deposits (Neves, et al, 2008).
2.5.3 Exposure to radionuclides:

Radionuclides are not chemically different from their stable isotopes. The same 
characteristics and processes that determine the fate and the internal accumulation of any 
element in the environment apply to both its stable isotope and radioisotopes. Yet, while 
exposure to chemical contaminants occurs only at the site of contact (i.e. target organs), 
radionuclide exposure is both internal and external. Internal exposure is analogous to that 
caused by chemicals and results from accumulation in tissues and transit through the 
alimentary tract. External exposure occurs through close contact with radionuclides in 
contaminated soil, sediment or water. The dose will depend on many factors, such as: the 
nature and amount of radionuclides, the spatial association of the organism and the 
source, the characteristics of the media, and the location and size of the organisms. 
Exposure to multiple radionuclides is additive, and tota1 exposure to radiation is the sum
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of internal and external doses from all radionuclides considered, (Eawag aquatic research 
institute, 2013)
2.5.4 What are the effects on organisms and populations?

Natural sources o f  radioactivity are all around, and man-made radioactive materials are a
*

vital part o f medicine and industry. Exposure to some radiation, natural or man-made, is 
inevitable. We live with radiation every day; therefore we must understand its risks. 
Radiation is known to cause cancer in humans. It can also cause other adverse health 
effects, including genetic defects in the children o f exposed parents or mental retardation 
in the children o f  mothers exposed during pregnancy (Environmental Protection Agencv 
U.S. 2007).
In general, organisms respond similarly to radiation exposure. The dissipation of 
radiation energy in tissues produces an increase in temperature, the excitation and 
ionization o f atoms, the breaking of chemical bonds, and eventually biological effects. 
These biological effects can be produced directly, although most commonly the\ are 
caused indirectly from free radicals, which can easily break chemical bonds and produce 
a number o f different DNA lesions. Free radicals are not unique to radiation, but are also 
produced in response to many stressors such as exposure to solar UV radiation, oi
exposure to other contaminants. Damage caused from free radicals is so abundant that 
very efficient repair mechanisms have evolved within all biological species, from yeast to 
humans. An overwhelming amount o f errors in these repair mechanisms can result in cell 
death, chromosome aberrations, or mutations.
While there are similarities in the responses to radiation exposure, differences between 
organisms exist in their radio-sensitivity. The range in lethality from acute exposure to 
radiation varies by three to four orders o f magnitude among organisms. Mammals and 
birds are among the most sensitive, whereas viruses and molluscs are among the most 
radioresistant (Ibid Idem).
The impacts o f mutations within a population will depend on the type o f cell in which 
they occur. A mutation within a somatic cell can lead to cell death or - if the cell remains 
viable, but the DNA has undergone mis-repair - it can lead to cancer. If mutations occur 
in reproductive germ cells, they can lead to a decrease in the number o f gametes, increase 
in embryo mortality, or be inherited by the offspring. In most cases, mutations are 
deleterious and are subsequently removed from the population because they offer no 
advantage to the individual that possesses it. If neutral, they can persist over several 
generations within a population. Whereas the risk o f non-fatal cancer and o f hereditary 
effects in the offspring o f exposed individuals has been estimated for humans, major data 
gaps exist to understand the significance o f molecular effects and the extent o f inherited, 
transgenerational effects to populations for non-human biota exposed to radiation.
During the nuclear disaster in Fukushima 2011. mainly I131. Cs134 and Cs137 were 
released. A part o f the radioactivity got directly into the atmosphere, another part into the 
ocean through contaminated cooling waters and atmospheric deposition. Researchers 
already found the first effects on organisms: genetic defects in local butterflies were more 
pronounced six months after the accident than two months after the accident. Moreover, 
the number o f birds, butterflies and cicadas was reduced at locations with higher 
background radiation. From the nuclear accident o f Chernobyl in 1986 we have learnt 
that the number o f species and the abundance o f birds, bumblebees and other animals is 
still reduced there at locations with higher background radiation 25 years after the
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accident. While in Fukushima so far the radiotoxicity has been responsible for the 
decrease in animals, in Chernobyl it has been the mixture of radioactivity and mutation 
accumulation, because chronic exposure for many generations has allowed for the 
accumulation of mutations. In Chernobyl, higher mutation rates and developmental 
abnormalities in birds, mammals, fish and plants have been found; in addition survival 
rate and fertility are decreased.

2.6 The emerging nature of the problem:

2.6.1 Nuclear smuggling:

Incidents of illegal trafficking in nuclear materials have occurred for many years. A 
database kept by the United States Department of Energy includes cases from as early as 
1966. However, until recently, these cases were almost always frauds. There has been a 
great rise in the number of reported nuclear smuggling cases since 1991. Although many 
of these cases are frauds as well, there has been a corresponding increase in the number 
of cases believed to be true or in which material was actually seized (Center for Strategic 
and International Studies, 1996).
At the same time, there have been an increasing number of countries that seek to develop 
nuclear weapons and so scour world markets for the necessary expertise, equipment, and 
material. In order to avoid the scrutiny and condemnation of the world, these countries 
have tended to operate in the black markets devoted to illegal arms. In addition, the 
terrorist attacks of September 11, 2001, have focused world attention on terrorist groups, 
their aims, and their methods, For example, captured Al Qaeda documents showed 
serious research into the feasibility of obtaining or developing nuclear and RDD weapons 
(D. Albright, 2002). In 1995, a Chechen rebel leader directed a Russian television crew to 
a container with a small amount ofCs137, presumably as a warning of potential RDD 
attacks in the future (Federation of American Scientists, 1995).
Although it is difficult to predict the future course of illicit trafficking in nuclear and 
radiological materials, increasingly such activities are viewed as significant threats that 
merit the development of special capabilities. As early as April, 1996, Nuclear forensic 
was recognized at the G-8 Summit in Moscow as an element of an illicit nuclear 
trafficking program. Given international events over the past several years, the value and 
the need for Nuclear forensic seems greater than ever (Opcit, p.7).
2.5.1.1 Suppliers:

The supply side consists of individuals who have, or can gain, access to nuclear 
and other radioactive material. These individuals can be both insiders and outsiders. 
Insiders include civilian employees at facilities that house nuclear material or radiation 
sources, military personnel, and security guards. Thefts involving insiders are most 
common, especially for nuclear material. For example, out of seven known thefts or 
attempted diversions of weapons-usable fissile material (1992 in Podolsk, 1993 in 
Andreeva Guba, Sevmorput in 1993, Electrostal in 1994 and 1995, Sukhumi in 1992- 
1997, and the Chelyabinsk region in 1998), six were committed by insiders. The first and 
most notorious insider theft occurred at the Luch Scientific Production Association in 
Podolsk in 1992, when deteriorating economic conditions caused an employee to steal 1.5 
kg of uranium enriched to 90%. The most recent attempted diversion of 18.5 kg of highly
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enriched uranium (HEU), foiled by the Russian Federal Security Service (FSB), and was 
a result of conspiracy between the employees of one of the Chelyabinsk region’s nuclear 
facilities.
Flad the Russian intelligence service failed to prevent this diversion, it might have led to 
the most serious consequences because the amount of material was probably enough to 
build a nuclear weapon (Bunn, 2000). This was also the only credible incident involving 
weapons-usable material that took place in a closed nuclear city. Other confirmed thefts 
of weapons-usable material have occurred either at civilian research and production 
facilities or at military, naval sites (Zaitseva, 2003).
2.5.1.2 Intermediaries (Middlemen and Traffickers):

Intermediaries are individuals, groups, and organizations that find a potential 
buyer for the stolen material, negotiate a deal (middlemen), and deliver it to the end-user 
(traffickers). They fall into the categories of amateurs, opportunist businessmen and firms 
and organized crime groups.
2.5.1.3 Amateurs:

Amateurs among middlemen and traffickers are the most frequently detected 
subcategory. Usually, they have little or no knowledge about the nature of the material 
they are handling. For instance, a butcher from St. Petersburg, who instigated his relative 
working at Electrostal to steal HEU from the plant, stored the material in his refrigerator 
so it would not spoil while he was looking for a buyer (Williams, P., & Woessner, 1995).
1.7.1.4 Opportunist businessmen and firms:

This category of intermediaries encompasses a very wide spectrum of 
businessmen, small firms, and larger companies. The level of professionalism in this 
group can vary from amateurish to sophisticate. Some businessmen simply take 
advantage of an opportunity when offered nuclear material, which they treat “as simply 
an extension of their legitimate activities” (Ibid Idem).
2.5.1.5 Organized crime groups:

To date, there is no hard evidence to link organized crime groups with nuclear 
smuggling activities. There have been few confirmed nuclear smuggling cases in which 
the involvement of organized crime was suspected.

2.6.2 Orphaned sources:

An orphan source is a self-contained radioactive source that is no longer under proper 
regulatory control (Wikipedia, 2012).

Orphaned sources are radioactive sources that have been abandoned, or are just being 
ignored, by their legitimate owner and have, therefore, fallen outside of any formal 
administrative controls. These orphaned sources are easily diverted for more sinister 
purposes. The lack of accountability for such sources, as well as the inherent expense 
and bureaucracy involved in safely and securely disposing of such sources, can lead to 
their abandonment.

The United States Nuclear Regulatory Commission defines an orphan source more 
exactly as (NRC, 2014) :
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A sealed source of radioactive material contained in a small volume—but not 
radioactively contaminated soils and bulk metals—in any one or more of the following 
conditions:

- In an uncontrolled condition that requires removal to protect public health and safety 
from a radiological threat.

- Controlled or uncontrolled, but for which a responsible party cannot be readily 
identified.

- Controlled, but the material's continued security cannot be assured. If held by a licensee, 
the licensee has few or no options for, or is incapable of providing for, the safe 
disposition of the material.

- In the possession of a person, not licensed to possess the material, who did not seek to 
possess the material

- In the possession of a State radiological protection program for the sole purpose of 
mitigating a radiological threat because the orphan source is in one of the conditions 
described in one of the first four bullets and for which the State does not have a means to 
provide for the material's appropriate disposition

Examples of instances where orphan sources have become a problem:

Orphaned radioactive sources have been found in scrap metal yards or in recycling 
operations (R.Naudet, 2015), (Subcommittee on European Scrutiny, 2003).

In at least one case, an end customer detected significant excess radioactivity in steel 
girders that was traced to the inadvertent recycling of a commercial source. More often, 
though, these orphaned sources will become part of the general waste stream from a 
facility and end up in the local landfill.
Commercial enterprises that use and control these radioactive sources may cease 
operations and go out of business. In such circumstances, corporate knowledge regarding 
these sources is lost as technical personnel are dismissed and move to other endeavors. 
Management is often unconcerned about the ultimate disposition of these radioactive 
sources. Turnover of faculty and students and changing research priorities may also 
similarly plague academic and university settings.
In some cases, sources will remain unsecured on the premises. In other cases, individuals 
unknowledgeable about the safety and security risks of the sources may determine their 
fate.
The widespread contamination of Goiania, Brazil in 1987 with 137Cs involved an 
unsecured radiotherapy source from an insolvent business, and subsequent scavenging 
and disposal by people unknowledgeable about the source and its risks. (Medical 
Nuclear, Biological, and Chemical on-line Information Server, ND)
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2.7 Introduction of nuclear forensic:
At the beginning of 1990’s, the break-up of the Soviet Union caused a problem 

for the safeguarding of the nuclear material. The former Soviet Union countries (e.g. 
Ukraine, Belarus, Kazakhstan and Lithuania) had suddenly large amounts of Pu and high 
enriched uranium (HEU) and, at the same time, no proper legislation or control of the 
material was available. As a consequence of this, some nuclear material was lost and first 
illicit trafficking incidents of nuclear material occurred. In the year 1994, a total of 42 
smuggling cases of nuclear material were detected. This was 65 % of the total smuggling 
incidents, which includes also radioactive sources.
Since then the number of cases has decreased year by year and in the 1999 (till end of 
August) only 4 smuggling incidents of nuclear material were recorded in the IAEA’s 
illicit trafficking database (IAEA, 1999).

Nuclear forensic is the analysis of intercepted illicit nuclear or radioactive 
material and any associated material to provide evidence for nuclear attribution. The goal 
of nuclear analysis is to identify forensic indicators in interdicted nuclear and radiological 
samples or the surrounding environment, e.g. the container or transport vehicle. These 
indicators arise from known relationships between material characteristics and process 
history (Opcit, p.3).
Nuclear forensic is the examination and evaluation of discovering or seized nuclear 
materials and devices or, in cases of nuclear explosions or radiological dispersals, of 
detonation signals and post-detonation debris (Committee on Nuclear Forensic, 2010). 
Nuclear forensic evidence helps law enforcement and intelligence agencies work toward 
preventing, mitigating, and attributing a nuclear or radiological incident.
Determining how and where the control of nuclear and other radioactive material was lost 
and tracing the route of the material from diversion to interdiction are important goals in 
nuclear forensic. It is equally important to determine whether additional devices or 
material that pose a threat to public safety are available by illegal means. The answer to 
these questions depends on determining the source of the material and its method of 
production. Nuclear forensic provides essential insights into methods of production and 
sources of illicit radioactive material. It is most powerful when combined with traditional 
methods of investigation, including intelligence sources and traditional detective work. 
Nuclear forensic can play a decisive role in attributing and prosecuting crimes involving 
radioactive material.
Some of the current limitations of Nuclear forensic are a result of the emerging nature 
and increasing urgency of this discipline. For example, Member states of the IAEA are 
only now beginning to share information about nuclear processes and material needed in 
nuclear forensic investigations. Numerous databases exist in many countries and 
organizations that could be valuable for the future development and application of 
Nuclear forensic. The contents of many of these databases will never be directly shared, 
but the development of a ‘distributed’ comprehensive database would benefit 
international efforts. In addition, countries are beginning to combine the expertise of 
traditional forensics experts, normally found in police organizations, and nuclear experts, 
normally found in universities and government laboratories.
Nuclear forensic will always be limited by the diagnostic information inherent in the 
interdicted material. For example, the clever criminal can minimize or eliminate the 
important markers for traditional forensics (fingerprints, stray material, etc.). Some
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nuclear material inherently has isotopic or chemical characteristics that serve as 
unequivocal markers of specific sources and production processes. Other nuclear material 
does not. Fortunately, the nuclear fuel cycle industry has a restricted number of 
identifiable process steps, which makes nuclear forensic interpretation possible. 
However, very specific information will be needed to differentiate material that reflects 
similar source or production histories but is derived from unrelated sites.
Nuclear forensic science is a new multidisciplinary area, which deals with the 
identification and determination of nuclear materials mostly in a context of criminal 
investigation. It uses the characteristics inherent to a nuclear material to obtain 
information on the origin and production route of the sample under investigation.
The first nuclear forensic case could be said to be the “Oklo” - a uranium mine situated in 
Gabon, Africa. In 1972 it was noticed that the enrichment of the natural U was lower in 
Oklo than normally. By studying the fission products found, it was observed that there 
had been a natural nuclear reactor operating about 1.8 billion years ago (R.Naudet, 1976). 
However, due to the significant capital costs of the equipment and the specialized 
expertise of the personnel, work in the field of Nuclear forensic has been restricted so far 
to a handful of national and international laboratories. In fact, there are a limited number 
of specialists who have experience working with interdicted nuclear materials and 
affiliated evidence (Opcit, p.3).

2.7 Radiological crime scene management:
2.7.1 Radiological crime scene:

In order for the nuclear forensic analysis and interpretation to be effective, the 
response at the scene of a nuclear security event must accommodate the needs of forensic 
science, including Nuclear forensic. In this section, the key elements of the on-scene 
response to a nuclear security event that enable a comprehensive nuclear forensic 
examination are highlighted.
It is a crime scene where radioactive or nuclear material is present, or suspected to be 
present (Dr. Klaus Mayer, 2014).
The official in charge of the scene, sometimes referred to as the incident or on-scene 
commander, has responsibility for decisions pertaining to public safety, environmental 
protection, safety of response personnel and the preservation and collection of evidence. 
In order to understand all of the requirements and to make informed decisions about the 
investigation, experts from all relevant disciplines should be consulted for the provision 
of advice and support.
2.7.2 Securing the scene:

Securing the scene of a nuclear security event involves all those activities undertaken 
to manage access into, within, and out of a scene where nuclear or other radioactive 
material is encountered out of regulatory control. The goals in securing the scene of a 
nuclear security event are similar to those for securing a conventional crime scene. 
Additional objectives that are unique to a nuclear security event include (IAEA, 2013):
- Minimization of any radiological hazards associated with the scene for the safety of the 
responders, the public and the environment;
- Establishing control over the nuclear or other radioactive material;
- Collection of nuclear or other radioactive material as well as evidence contaminated 
with radioactive material.
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Incident commander

FIG (1) Example of a tactical response command structure (IAEA, 2002)
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2. 7.3 Common hazards assessment of the scene:

The initial phase of operations at the scene of a nuclear security event should 
include an assessment of the risks at the scene. This assessment should encompass 
common hazards that might pose a health and safety risk to the public, personnel 
conducting operations at the scene and the environment. This common hazards risk 
assessment is identical to the one that would be performed for any other crime scene, 
with two possible additions. First, the known or suspected presence of nuclear or other 
radioactive material requires the assessment of radiation hazards as part of the common 
hazard risk assessment and that the relevant radiation protection measures at the scene are 
decided upon and implemented (e.g. the use of appropriate personal protective equipment 
(PPE) and dosimetry). Table (2) provides additional description of equipment and 
instruments for on-scene radiation safety assessments (Ibid Idem). Second, any non- 
radioactive hazards, such as adverse weather, debris and explosives, need to be evaluated. 
The assessment of such hazards should consider their possible impact on (a) personnel 
wearing the appropriate (PPE) while on-scene; (b) the possible spread of nuclear or 
radioactive material within or beyond the scene; and (c) the ancillary equipment used to 
support operations at the scene.
For instance, loose debris might cause a rip or tear to (PPE), thus compromising its 
integrity and placing the wearer at heightened risk. Similarly, if unexploded ordnance 
were to detonate, the resulting explosion could spread the nuclear or other radioactive 
material both within the scene and beyond and cause physical harm to on-scene personnel 
and essential ancillary equipment. Finally, a heavy rain could wash or dilute evidence, 
including nuclear or other radioactive material, from the scene, and could hamper the 
mobility of on-scene and near-scene personnel, and create hazardous working conditions.
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Table (2) Examples of equipments and instruments for ON-Scene radiation safety
assessment

Objective Equipment / instrument
Protect personnel from external and 
internal contamination

Standard (PPE) including gloves, protective suits, 
shoe covers, respiratory protection

Monitor radiation dose to personnel Personal dosimeters; thermoluminescent 
dosimeters (TLDs), electronic dosimeters to 
provide real-time readings

Monitor source and area dose rates, 
map radiation fields, identify source, 
determine types of radiation emitted

Beta, gamma and neutron dose rate meters (may 
require a telescopic arm for situations involving 
high dose rates)

Monitor personnel, equipment and 
scene for contamination, identify 
contaminated areas and source 
locations

Beta / gamma survey meter (Geiger-Muller), 
alpha survey meter, swipe or smear material

Monitor for airborne radioactive materials Continuous air monitor or air sampler with filters that 
can be measured with a survey meter

Reducing radiation fields and dose to on
scene personnel

Portable shielding including for beta, gamma and 
neutron radiation, this can include rubber or plastic 
mats and panels for beta; concrete, steel or lead bricks 
for gamma; and boron-doped plastics for neutrons
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2.7.4 Categorization of nuclear or other radioactive material:

Categorization is the on-scene non-destructive analysis of the nuclear or other 
radioactive material involved in a nuclear security event. The primary goals of 
categorization are to identify radionuclides present and estimate the quantities of these 
radionuclides. This typically requires training and expertise in the proper use of field- 
portable non-destructive analysis instrumentation, and in some cases, assistance from 
laboratory experts to properly interpret data. Examples of commonly used instruments for 
Nuclear forensics categorization are described in Table (3) (Ibid p i5).
The basic information obtained during categorization is often sufficient to identify the 
intended use of a recovered material (e.g. an industrial radiography source, nuclear fuel 
pellets, etc.), and may lead to the determination that no further investigation is warranted. 
Results from categorization can also provide useful information regarding potential risks 
of material to first responders, law enforcement personnel, the public, and the 
environment that supplements the basic radiation protection measurements made during 
the common hazard assessment. Categorization results are essential for making proper 
decisions regarding how to proceed with a nuclear forensic examination, including 
selecting the appropriate nuclear forensic laboratory, determining physical protection 
requirements, and ensuring material is transported according to applicable regulations. 
Communicating categorization results to the nuclear forensic laboratory as soon as it is 
available is helpful, as it allows the laboratory to properly plan for the receipt of material 
and begin preparing a nuclear forensic analytical plan.
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Table (3) Examples of instruments for ON Scene Categorization

Categorization Measurement

Identify gamma-ray emitting 
radionuclides present, estimate

1 quantities of radionuclides
•
i
i
1

Non-destructive analysis instruments

Low-resolution gamma-ray spectrometer 
(e.g., sodium iodide, Nal(Tl) or cadmium 
zinc telluride, (CZT))
High-resolution gamma-ray spectrometer 
(e.g., high-purity germanium detector. HPGe)

Identify uranium and plutonium and 
estimate isotopic compositions and 
quantities

High-purity germanium (HPGe) low energy 
gamma-ray and X ray spectrometer with 
spectral deconvolution codes or other 
relevant methods
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2.7.5 Collection of evidence:

Following a nuclear security event, the types of evidence that may be collected 
include (a) the nuclear or other radioactive material and (b) evidence associated with 
traditional forensic disciplines that may or may not be contaminated with radioactive 
material. During evidence collection activities, responders should comply with the 
protection measures implemented as a result of the common hazard assessment. 
Responders should be aware that the on-scene risks could evolve during the deployment 
and the protection measures may have to be adjusted accordingly. For a scene where 
radiation fields are present, the time on-scene, the distance from the material and the use 
of shielding are important factors in reducing the external radiation dose to responders. 
For scenes where unsealed material is present, especially in a loose form such as powder 
or liquid, protective measures to minimize incorporation (e.g. inhalation or ingestion) will 
be an additional important factor in reducing the total radiation dose to responders. (Food 
and Agriculture Organization of The United Nations, et al, 1996), (Food and Agriculture 
Organization of The United Nations, et al, 2002). Evidence collection activities should 
follow national rules of evidence, including scene documentation, chain of custody 
procedures and sample labeling. In addition, all evidence needs to be contained in a 
manner that minimizes the potential for the uncontrolled spread of nuclear or other 
radioactive material from the scene. It is essential that appropriate consideration be given 
to the relative timing of collection activities for traditional forensic and nuclear forensic 
samples to avoid compromising any of the evidence. Finally, the evidence needs to be 
appropriately packaged, labeled and secured while awaiting transport from the scene. 
Collection of traditional forensic evidence:

Again, it is advisable to draw an accurate site diagram of the incident scene, 
including the compass orientation together with GPS coordinates that shows the location 
of any radioactive material or other evidence, the extent of the contamination, and the 
establishment of cordon and control areas. The use of the grid system can assist with the 
production of such a drawing. This diagram could become an essential item of 
information in a judicial process.
Photographic documentation is again advisable.
The collection of traditional forensic evidence should be consistent with good 
radiological safety practice. Traditional forensic evidence is frequently cross- 
contaminated with radioactive evidence. Radiation and toxic exposure of the incident 
investigation officers can be minimized through the principles of time, distance and 
shielding.
As the incident investigation team approaches the incident scene, it should be alert for 
any discarded evidence. The team members need to make pertinent notes as they survey 
and take control of the scene. With the help of the radiological safety officer, they should 
continually assess the safety of all operations. The team should determine the extent to 
which the incident scene has been protected so far and be alert for any signs of tampering 
with the evidence.
The first task for the incident investigation team is to initiate a preliminary survey that 
delineates the extent of the search area, and then note any physical or environmental 
constraints bearing on the collection of evidence, and obtain information necessary to 
organize the detailed search.
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A full forensic search of the scene should be conducted, if possible. If a grid system is 
implemented, then a systematic search of each square may uncover relevant forensic 
evidence. All evidence associated with the radioactive sample, such as the original 
sample container, associated paperwork, etc., should be collected. Such evidence is often 
important for the purposes of interpretation and may constitute the only evidence relevant 
to the material loss of control.
The collection of traditional forensic evidence might interfere with the collection or 
analysis of radioactive/toxic evidence. Therefore, it is essential that appropriate thought 
be given to the relative timing of the collection of radioactive evidence versus traditional 
forensic evidence. The ultimate decision rests with the incident commander, with input 
from the incident investigation team.
As with the collection of radioactive evidence, the incident investigation officers have to 
maintain the appropriate chain of custody procedures during the evidence collection 
process. This includes the logging of all samples into the evidence recovery log. In 
addition, all evidence is to be secured and protected while awaiting transportation from 
the incident scene (Opcit, p. 14).

2.7.6 Interim evidence storage site:

In many investigations of nuclear security events, it may be necessary to safely 
and securely store the evidence at an interim location prior to its further transportation to 
the designated nuclear forensic laboratory. This may be necessary to ensure national 
regulations and laboratory procedures are satisfied, or may simply be needed to facilitate 
the necessary arrangements with the receiving laboratory, particularly in cases requiring 
international assistance. This interim evidence storage site should have security measures 
in place to prevent evidence tampering, while also having the appropriate 
authorizations/licences/permits necessary to store the quantity of nuclear or other 
radioactive material present. The storage site should also incorporate features to ensure 
the appropriate handling of evidence, including maintaining the chain of custody for the 
evidence at all times.
If material categorization was not performed at the scene, it should be performed at the 
interim evidence storage site before transportation to the designated nuclear forensic 
laboratory. Even if material categorization was performed at the scene, it may be useful 
to confirm the categorization, with additional measurements, e.g. gamma ray 
spectrometry with a high resolution germanium detector rather than a sodium iodide 
detector. As noted above, all categorization measurements and methods should be fully 
documented and communicated to the designated nuclear forensic laboratory.

2.7.7 Transport & disposition of evidence:

In transporting evidence to either the interim evidence storage site or the 
designated nuclear forensic laboratory, considerations must be made for safety, security, 
preservation of evidence and maintaining the appropriate chain of custody. Arrangements 
that permit the safe and secure transport of evidence, and address any potential 
safeguards requirements, need to be made in advance of attempting to transport. 
Assuming the integrity of the original packaging has been maintained, most radioactive
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samples can be kept in their collection containers for transport; unless the nuclear or other 
radioactive material is in jeopardy of further dissemination, the radioactive material 
should not be separated in the field from its package. These collection containers have to 
be packed inside another container that is certified for the transport of such material. 
Precautions should be taken to avoid potential cross contamination of the evidence from 
the transport container. In all cases, the packaging and transportation needs to satisfy 
legal, safety and security requirements of the State (or States) in which the transport is 
occurring. The IAEA has produced guidance regarding the safety and security in the 
transport of radioactive material (IAEA, 2009), (IAEA, 2008).
Disposition of evidence:

Any item of evidence must remain under control, including under relevant chain 
of custody procedures, by a competent authority declares that the item is no longer 
required for purposes of the investigation or any subsequent prosecution or other legal 
proceedings. Once the applicable legal proceedings have determined that an item of 
evidence is no longer required, then the item may be considered for disposal or for 
retention for purposes other than use in the legal proceedings.
If disposal of an item of evidence is an option, then the disposal will need to be 
performed in accordance with established local and national laws and regulations 
regarding the disposal of waste contaminated with nuclear or other radioactive material.
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Table (4) Types of Evidence collected during an investigative process (U.S.
Department of Justice Federal Bureau of Investigation, 2011)

Type of Evidence Explanation Examples

Circumstantial Facts, if proven, allow the fact-finder 
to draw conclusions. In most 
jurisdictions, circumstantial evidence 
has probative value.

Suspect has radiation burns or 
exhibits symptoms of radiation 
sickness. Suspect is contaminated 
with radioactive materials.

Direct Documents, records, physical 
evidence, notes, computer data, 
videotapes, or other types of 
information that directly relate to the 
case.

Vehicle rental agreements, purchase ; 
receipts, phone records, eyewitness 
statements.

. .________ _______________________  1

Trace Minute particles of matter which can 
be examined through microscopic, 
physical, chemical, or radiological 
analysis.

Traditional RN material residue.
✓

fibers, hair.
*

ii
i

Hearsay A statement, other than one made by 
the declarant while testifying at the 
trial or hearing, offered in evidence 
to prove the truth of the matter 
asserted.

i
A person who did not personally !i
witness a suspect engaging in a i  

particular manner but is reporting 
the observation based upon what
someone else told him or her, and i1

✓

the person who actually made the 
observation is not testifying or 
available for the opposing party to

1

cross examine.
Eyewitness Observation or sensation personally 

seen, smelled, heard, felt, or tasted.
Witness reporting seeing a blinding j 
flash or hearing a specific explosion i

t

sound or seeing someone. ;
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2.7.8 Protection of evidence:
It should be noted that evidence collected in a potentially contaminated en

vironment must be assumed to be contaminated, significant!} complicating the evidence 
review and evaluation process. The evidence can be tested to rule out contamination, 
reviewed in a facility designated to handle contaminated evidence, photographed to allow 
review of the contents in a safe environment, or when possible decontaminated prior to 
review. To properly focus their investigation in a terrorist incident, investigator officer 
personnel need the results of any analyses or tests on evidence as quickly as possible. 
During major criminal investigations, investigating officers expect a quick turnaround on 
laboratory results. In a radiological/nuclear RN terrorism attack, the time required to 
positively identify RN material(s) or device(s) may be considerably longer.
Like other investigations, during an RN incident, the investigators never know what 
nuance or piece of information will be the crucial break needed to identity, arrest, 
convict, and attribute those responsible for the terrorist attack. From the beginning of a 
criminal investigation into an RN attack until the case is submitted to a jury for a verdict, 
all facts collected during the investigation must be verified, and inconsistencies resolved 
and submitted to the prosecutor. Documents must be carefully analysed to ensure they 
have been thoroughly reviewed and the information contained in the documents are 
interpreted correctly. Sometimes information contained in statements or reports is subject 
to differing interpretations. Investigators must examine the evidence for conflicting 
interpretations and resolve these issues as soon as possible or be prepared to explain the 
contradictions.
It is equally important to develop a mechanism to submit all information, statements, 
laboratory reports, documents, photos, and other evidentiary items to the prosecutor in an 
organized manner to ensure all of the facts are identified prior to trial.
Additionally, sufficient time should be allowed to permit the prosecutor to meet with the 
investigators and witnesses to review all reports, evidence, and anticipated testimonv. 
(Ibid P.38).

2.8 Nuclear forensic laboratory analysis:

Based on the on-scene categorization and the forensic examination plan, the need for
further characterization of the nuclear or other radioactive material mav be necessarv.

*  *

This characterization should take place in a designated nuclear forensic laboratory. Prior 
to commencing analysis, the laboratory should develop a nuclear forensic analytical plan, 
which will be agreed to by the investigating authority.

2.8.1 Nuclear forensic laboratory:
The evidence should be sent for analysis to a nuclear forensic laboratory equipped 

to receive and process such samples. It may be possible to send the traditional forensic 
evidence to a police crime laboratory and the nuclear forensic evidence to a nuclear 
analysis laboratory. However, it is highly likely that the two types of evidence are mixed, 
so that the traditional forensic evidence is contaminated with radioactive material and the 
radioactive material contains some forensic evidence. Therefore, the receiving nuclear 
forensic laboratory should be able to handle radioacti\e material and carefully separate 
the traditional forensic evidence from the radioactive material for later analysis bv
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experts in each discipline. Consequently, it is advisable to send the sample to a laboratory 
skilled in nuclear forensic analysis that combines the capabilities of the crime laboratory 
and the nuclear forensic laboratory (Opcit P.21).
Nuclear forensic laboratories are outfitted and staffed to handle contaminated evidence
and to accommodate the requirements of both the traditional forensic and nuclear 
analyses.
The nuclear forensic laboratory should be an appropriately qualified and recognized 
facility with analytical procedures and staff qualifications that are documented and can 
withstand both scientific peer review and legal scrutiny. In addition, the nuclear forensic 
laboratory needs to be appropriately licensed to receive the evidence being shipped. The 
receiving facility needs to be able to handle large amounts of nuclear material, yet still be 
able to analyse trace levels of the material constituents and environmental types of 
material. Consequently, the nuclear forensic laboratory has to be free from fixed and 
dispersible background contamination to ensure that there is no chance of cross
contamination between samples.
Another requirement is that the nuclear forensic laboratory be fully qualified for the 
current standards in environmental, safety and health protocols, hazardous waste disposal 
procedures, and hazardous material handling and storage. The laboratory should be 
provided with the appropriate physical protection measures and proper procedures in 
place for the accounting for and control of nuclear material. The nuclear forensic 
laboratory should be intimately familiar with the requirements of a legal investigation, 
including the ability to perpetuate the sample chain of custody that began in the field.
Staff experts at the nuclear forensic laboratory need to be able to provide varying levels 
of response, depending on the requirements of the interdicting authorities. This might 
involve just consultation or increasing levels of data acquisition and analysis, ranging 
from characterization to full nuclear forensic interpretation.

2.8.2 Nuclear forensic characterization:
Nuclear forensic characterization follows the on-scene categorization performed 

at the onset of an investigation into a nuclear security event. The goal of characterization 
is to determine the properties of the nuclear or other radioactive material through 
physical, chemical, elemental and isotopic analysis, including major, minor and trace 
constituents, as necessary. Nuclear forensic characterization does not typically include 
analysis using traditional forensic disciplines, nor does it comprise interpretative steps to 
include reactor modelling and searches of a national nuclear forensic library to identify 
probable origins of the material. As such, the characterization will take less time than full 
interpretation. (Opcit P. 25).

2.8.3 Designated nuclear forensic laboratory:
Designated nuclear forensic laboratories are those laboratories that have been 

identified by a State as being capable of receiving samples of nuclear and/or other 
radioactive materials for the purposes of supporting nuclear forensic examinations. The 
criteria and decision process for identifying a laboratory as a designated nuclear forensic 
laboratory is the responsibility of each State. Once the investigating authority has 
determined that a nuclear forensic examination is required, the evidence should be sent to 
a laboratory that has been identified as being prepared and equipped to receive the
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samples (nuclear material, radioactive material, evidence contaminated with radioactive 
material or a combination thereof) and analyse them using the required combination of 
analytical techniques.
Communication between the investigating authority and the laboratory should commence 
as early as possible following the response to the event so that laboratory requirements 
and capabilities can be communicated and planning and preparations for sample receipt 
and analysis can be made through the development of the forensic examination plan and 
the nuclear forensic analytical plan. When transporting the evidence to. and admitting 
evidence at, a designated nuclear forensic laboratory, and due regard to the evidence 
handling should be observed, including appropriate chain of custody arrangements for 
sample handling.
The extent of capabilities available at designated nuclear forensic laboratories is likely to 
vary from State to State. Some States may not have a designated nuclear forensic 
laboratory of their own and will rely on bilateral or multilateral assistance for material 
characterization. Other States may have established designated laboratories for 
undertaking some aspects of material characterization or for some types of material, w ith 
plans in place to request assistance for specialized techniques. Only a few States 
worldwide has laboratories possessing a full complement of the required nuclear forensic 
analytical tools and techniques. It is important for a State to have a thorough 
understanding of it capability to ensure it is prepared for any eventuality, including the 
potential to request, receive or provide assistance to undertake nuclear forensic analysis 
in support of an investigation into a nuclear security event. It is important for the State to 
ensure that any designated nuclear forensic laboratory is capable of undertaking a nuclear 
forensic examination and that they have validated analytical methods, staff with 
demonstrated competencies and documented procedures. Accreditation of the laboratory 
to an internationally recognised quality standard (e.g. ISO 9001, ISO 14001, ISO/IEC 
17025, and OHSAS 18001) is advantageous. In addition, the designated nuclear forensic 
laboratory needs to be appropriately licensed to receive the nuclear and other radioactive 
material, with the ability to handle large amounts (in terms of mass and activity) of 
material, while still being able to analyse trace constituents. Designated nuclear forensic 
laboratories should possess glove boxes or, for cases where highly radioactive samples 
are anticipated, hot cells. The designated nuclear forensic laboratory should also have 
appropriate laboratory facilities and operational procedures to ensure minimization of the 
risk of cross-contamination between samples.
The designated nuclear forensic laboratory should be fully compliant with environmental, 
safety and health protocols, hazardous waste disposal procedures and hazardous material 
handling and storage. The laboratory should also have appropriate physical protection 
measures implemented and have proper procedures in place as necessary for the 
accounting and control of nuclear material (Ibid pp_ 26-27).

2.8.4 Nuclear forensic interpretation:
Nuclear forensic interpretation involves the association of analytical data with 

existing information on types of material, origins and methods of production of nuclear or 
other radioactive material, and with prior cases involving similar material. Nuclear 
forensic interpretation provides context, explanations for the analytical results, and the 
basis of nuclear forensic findings.
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Processes of interpretation:
Nuclear forensic signatures are the data characteristics or set of characteristics of 

a given sample of nuclear or other radioactive material that enable the sample to be 
distinguished, by way of either exclusion or inclusion. These signatures ma\ help to 
identify the processes that created the material and its subsequent history.
In order to predict and understand relevant signatures throughout the nuclear fuel c\cle 
and to interpret analytical results both an empirical approach, involving the previous 
analysis of nuclear and other radioactive materials, and a modelling approach, based upon 
the chemistry and physics of nuclear fuel cycle processes, are used. Knowledge of 
analytical science can guide the selection of the appropriate methods to verify the 
presence or absence of nuclear forensic signatures.
Nuclear forensic interpretation requires comparison of the results from the sample in 
question with existing or known materials information. In general, a single signature of a 
material (e.g. an isotopic measurement) is usually not sufficient to discern a specific 
sample from known classes of similar materials. Unlike traditional fingerprint analysis, it 
is impractical for nuclear forensic to rely on sample-to-sample matching. However, 
combinations of signatures, such as isotopic measurements, impurities and 
microstructure, when used together, provide increased confidence in associating a 
specific sample with known classes of similar material. The use of signature 
combinations also enables the exclusion of a specific sample from known classes of 
materials, which is also valuable for nuclear forensic interpretation. Resources that may 
assist in comparisons with known classes of material information include national nuclear 
forensic libraries, knowledge of nuclear fuel cycle processes and radioactive source 
manufacturing, existing literature and archived samples that could be reanalysed for 
comparison (Ibid pp_31 -32).

2.9 Chain of custody:

In legal contexts, refers to the chronological documentation or paper trail, 
showing the seizure, custody, control, transfer, analysis, and disposition of physical or 
electronic evidence (Wikipedia, 2015). Chain of custody is the method used to track and 
maintain control and accountability of all evidentiary items. This encompasses initial 
collection of the evidence through final disposition of the contaminated evidence or RN 
materials. All law enforcement personnel must provide accountability at each stage of 
collecting, handling, testing, storing, and transporting the evidentiary items and reporting 
any test results. Failure to properly maintain the chain of custody may prevent the 
evidence in question from being introduced at trial. In some instances, there may be an 
overriding need by authorities to identify the RN materials as soon as possible to ensure 
the proper response is implemented and steps can be taken to protect the responders and 
the public. In this instance, the need for rapid collection and testing of evidence to save 
lives outweighs the normal evidence collection procedures (Opcit P_35).
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CHAPTER THREE 
MATERIAL AND METHODS

The analysis of a case study was conducted for a real case, which it happened in 
Sudan for case of missing source, the working on this case has been followed all the 
required steps, start by move a mixed team from SNRRA and forensic administration to 
visit the crime scene, this team was divided into two groups for the searching of the 
source, the team were used the equipments and instruments for ON-Scene radiation 
safety assessment, such as electronic dosimeters to provide real-time readings, then 
radiation detectors were used for taking the readings and narrow the search in a specific 
area, also:

- The location of the site and the place of storage of radioactive sources has been
documented and photographed.
- The joint working group has been divided into two groups of four members of the first
group and the other group is three members.
- The region is divided into segments so as to facilitate the search process.
- The personal radiation detector (Polimaster) used in order to determine the amount of
radiation leakage in the region.
- Identifmder device was also used to determine radiation leakage and the type of 
radioactive source.
- Traditional evidences also were collected such as footprints.
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CHAPTER FOUR 
RESULTS AND DISCUSSION

4.1 Case study:

On 06/09/2014 a reported from the coordinator of SNRRA on radiological and 
nuclear activities with the General Administration of Forensic Evidence by a telephone in 
order to cover an accident of losing a radioactive source C s137 of One of Petroleum 
Corporation, on East Darfur State, Sevian area. Then a mixed team from SNRRA and 
forensic administration move to visit the crime scene on the company location.
The site is a field for exploration of oil belong to that petroleum company, surrounded by 
a sandy barrier carved in trench shape, the sand of the hole inside the site, also there is 
another sandy barrier approximately 30 meters from the first one, it surrounded by oil 
security forces to secure the site from all sides, and has a gate open to the south. 
Containers used for the storage of materials and equipment of exploration has been found 
in the southern side of the field, also found generators southern side of the field and next 
to the well site, the well drilling mechanisms has found in the middle of the site around 
the drilling equipment, also there are a vehicle next the hole, to take down the radioactive 
sources, it’s located on the southern side of the hole drilling oil, three trucks have found 
on the northern side of the field.

Storage of radioactive materials:

The radioactive material in the company site is stored into two stores, the first one: is 
within 103 meters of the hole drilling, and after about 10 meters in the direction aligned 
the first sandy barrier on the south side and almost 40 meters from the north-west corner 
of the first Sandy barrier of the field from the inside, it is a metal holder, the containers of 
the storage of radioactive material is locked on by a metal wire and a drum. The second 
store: is a metal pipe with 40 cm diameter and length of approximately 5 meters, the 
storage of radioactive material containers locking by metal wire and a drum, the second 
store is located just 88 meters from the hole drilling and after almost 10 meters in the 
direction aligned first sandy barrier on the south side and the after 16 meters west of the 
first store.

Technical work:

- During the search process, at the north-west side of the field, and the alignment of first 
Sandy barrier from inside the field, it shows the following:
1 .The existence amounted of the dose rate worth 0.1 pSv / h to just 4 meters away from 
the sands of first Sandy barrier, and a device inlO-cm was reading 88.9 pSv / h before 
removing the sand.
2. The drilling tools were used to digging sand process, and the percentage of radiation 
increased with the increase of a removing sand from the location of the radioactive 
source, until it reached the value of 3.9Sv / h after the removal of the sand.
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3. The depth of hole was conducted to measure where find the radioactive source it a
length of 117 cm.
4. Three small holes with a diameter of 2 cm was found on the right side and the East and
left to the hole whereabouts of the radioactive source.
5. Footprints were found in the trench to a distance of approximately 7 meters of where 
the radioactive source found, it reached a length of 29 cm and it has been photographed.
6. Measurement of dimensions of the tool use to capture and reached the radioactive
source was a length of 100 cm.
7. Model with the size of the source was measured, and the total length of 7 cm.
8. The distance between the place of storage of radioactive sources and where to find the 
missing source has been measuring and reached a length of 105 meters.
9. The footprints was photographed for a 14 of the workers employed in the field of using
the radioactive sources (for comparison).
10. The dose rate was measured in radioactive sources storage inside a container in the 
first store and it was 6.46 pSv / h.
11. Dose rate in container also was measured Found 0.05 pSv /h, and when open the
container was found that it is not contain any radioactive source.
12. By the reviewing the containers of radioactive sources Locks they do not exist effects 
break.
13. The radioactive source was recovered of the container allocated to that, with the 
reading of 82.9 pSv / h.
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FIG (2) Location of the radioactive source

FIG (3) Distanometer

FIG (4) Photographing footprints
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4.2 Discussion

4.2.1 Role of regulating authority in nuclear forensic support:
4.2.1.1 Sudan regulating authority:

The achievement and maintenance of a high level of security and safety in the use of 
radiation sources depend on there being a sound legal and governmental infrastructure, 
including a national regulatory body with well-defined responsibilities and functions. An 
appropriately organized and staffed regulatory body with access to adequate resources is 
a key element of such an infrastructure.

In order to fulfill its mandate to regulate the uses of nuclear and radioactive 
material, or to ensure that it maintains an effective and efficient regulatory Program for 
radiation safety and security of radioactive sources, the Regulatory Body in Sudan 
(RPTC -  SNRRA) have taken into account the four key processes: notification, 
authorization, inspection and enforcement. These keys considered as main functions 
played main role as mechanisms and methodologies to assess and appraisal all activities 
and applications using radiation sources or radioactive materials for the sake of 
implementing the legal requirements consistent with the International Basic Safety 
Standards for Protection against Ionizing Radiation and for the Safety and Security of 
Radioactive Sources.( Omer, 2013)
Two acts -  one under the Ministry of Health (MOH) (in 1971) and another one under the 
Ministry of Science & Telecommunication (MOST) (1996) are concerned with regulating 
the use of ionizing radiation in Sudan; however both of these two acts are incomplete, 
conflicting and overlapping. In 1996 MOST established a national committee for 
radiation protection (Radiation Protection Technical Committee - RPTC)
Early February 2010 a ministerial decree issued by the Minster of MOST establishing an 
independent Regulatory Body under the name “Sudanese Nuclear and Radiological 
Regulatory Authority (SNRRA). SNRRA took over from RPTC and responsible for 
drafting a new nuclear law eventually establishes totally independent national 
Regulatory. The DNA has been sent to the council of ministers for approval.
Currently, the regulations issued under the atomic act 1996 within the same year and 
specifically in 1998, although it is not complete consistent with the international safety 
standards but it has great impact in the regulation for radiation safety and security of 
radioactive sources. (SNRRA, 2013). In Sudan offenses involving nuclear material are a 
rare crime, that for the proportion of the few uses of these materials, were used only in a 
few applications in the industrial, agricultural and in oil extraction, Therefore there were 
not urgent need for basis nuclear forensic significantly in Sudan, including Nuclear 
forensic interpretation laboratories.

Sudan Nuclear & Radiological regulatory Authority (SNRRA) is the only official 
Body competent in the nuclear security issues of the state, and is now involving this role 
well, includes on its staff a group of qualified experts, Who trained internal and external 
courses specializing in nuclear security, and how to deal with accidents and emergencies 
involving nuclear material, Among their specialization, they are one of the first 
responders on side of nuclear forensic work, that is comes especially to their association 
with facilities using radiation sources or radioactive materials which establish and
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possess the nuclear materials, where they gives a license, and then inspected, and follow
up of radioactive sources.

4 .2 .1.2 International cooperation and regional networking with regulatory 
authorities:

Under the Country Program Framework (CPF) indorsed and deposited to the 
IAEA the RB has participated and designed regional and national technical cooperation 
projects. Regionally the Project number RAF9039 and recently RAF9045. and national!) 
SUD9008 where funds have been provided to establish and strengthen the regulator) 
infrastructure for waste and transport safety.
Also, under the regional IAEA project RAF9038 and recently RAF9042 Sudan has joined 
the African network for nuclear regulators “Forum for Nuclear Regulatory Bodies in 
Africa FNRBA). The Arab Atomic Energy Agency (AAEA) in collaboration with IAEA 
also encouraged the establishment of the Arab Network for Nuclear Regulators -  
ANNuR.
SNRRA has joined the FNRBA and ANNuR to enhance the regional and international 
coordination as well as the national system for nuclear and radiation safety. Therefore. 
Sudan through his national RB (SNRRA) has tried to contribute effectively in the 
development of the framework of FNRBA & ANNuR technical and financial support in 
the form of hosting, sponsoring and providing experts within regional activities to build 
the national/regional capabilities in the field of safety and security. The efforts of Sudan 
are still active to strengthen the regional and sub-regional cooperation to achieve the 
goals of the FNRBA/ANNuR to have all the regulatory functions and legislative 
framework in the region consistent with the international standards and coherent with the 
best practices worldwide. Relevantly SNRRA is member in the Technical Working 
Group No 7 on Upgrading of Security of Radiation Sources and Waste Safety 
Management Infrastructure (TWG7/RWM) (Opcit)

4.3 Memorandum of understanding between SNRRA and The General 
Administration of Forensic Evidence:

Different parts of the world have witnessed the occurrence of many different radiation 
accidents, resulted in serious health and environmental damage, What led to increased 
awareness and interest in the health and security risks that can arise from improper 
handling during import, transport, storage or use of radiation sources, And for the 
proportion of exposure of some workers in the field of radiation and the public during 
accidents to a significant health damage including death, and also that survivors of the 
acute effects of exposure to radiation are more likely to develop cancer later in life. To 
minimize the chances of the occurrence of such incidents, it’s necessary to impose a strict 
regulatory system to adjust the uses of radiation sources, including limitation of handled 
use in a practice or an activity for the authorized persons, who is authorized by the 
national supervisory authority represented by the Sudan Nuclear and Radiological 
Regulating Authority SNRRA, and It is the only regulatory authority in the country that 
specializes in organizing to deal with the radiation sources and nuclear materials in 
various radiological and nuclear applications through the issuance of various licenses
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(application, import, transport, storage, export.... etc) for all individuals and institutions 
using radiation sources in the country, and detect any radioactive contamination in all the 
goods that reach the country, including the food before it reaches the citizens, as well as 
denial of access to these sources into the hands of people who want to use it for criminal 
purposes threaten society and the environment.
Since the SNRRA works according to the powers vested in him under the Atomic Energy 
Act of 1996 and the regulations issued there under, and the decision by the Minister of 
Science and Technology No. 15 Year 2010, and According to the laws prevailing, which 
condemns any person or entity owns, used, manufactured, stored, transported, dispose of 
or deal in any other way with radiation sources without obtaining a license from the 
SNRRA.
And the General Administration of Forensic Evidence act according to the law of Sudan 
Police for the year 2008 and regulations and orders issued pursuant thereto. It is 
responsible for crime scene, collecting belongings, lifting biological evidence, checking 
and issuing reports and results that serve justice, and in accordance with this legislation, 
the scope of the work of this note is to cooperation between the two sides in the field of 
illegal radioactive or nuclear material sources.
For all that, Sudan Nuclear and Radiological Regulating Authority SNRRA and The 
General Administration of Forensic Evidence are making a memorandum of 
understanding between them (Memorandum of Understanding, 2013), and the purpose of 
that are Laying the foundations and principles for the distribution of tasks and 
responsibilities carried out by each of Sudan Nuclear and Radiological Regulating 
Authority SNRRA on radiological and nuclear activities and The General Administration 
of Forensic Evidence with respect to the following:

A - Provide technical support for the restoration of radiation sources beyond the 
regulatory control, and combating the illicit trafficking of radiation sources and nuclear 
materials
B - Securing official events and public gathering sites of radioactive contamination risks.
C - Respond to emergencies involving radioactive sources or nuclear materials in 
collaboration with other competent authorities.
D - Agreement on the necessary actions to be taken by the parties in this regard.
E- Training employees of forensic administration:

- SNRRA agrees to provide training courses, symposia, seminars for employees 
of forensic administration for topics related to the radiation protection and nuclear 
security.

- The two parties agreed that two training courses are held annually.
- The two parties agreed to establish two seminars at least annually in the areas of 

radiation protection and nuclear safety and security.
- SNRRA is committed to providing any other technical support for forensic

administration when requested to do so.
F- Contaminated materials:
- The two sides agreed to seek to provide specialized labs and radiation detection

devices and equipment in order to detect unusual levels of radioactive materials in 
general, and take action accordingly.
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- SNRRA can help through the Technical Cooperation between the Government 
of the Republic of Sudan and the International Atomic Energy projects.

The signing of a memorandum of understanding was done in December 2013. and it has 
been signed by Mr. Prof. Mustafa Mohamed Osman Ahmed, director of the Nuclear and 
Radiological Regulating Authority SNRRA, and Police General: Dr. al-Hadi Majzoub 
al-Tahir, director of The General Administration of Forensic Evidence . and that was 
dated 26/12/2013 on the premises of The General Administration of Forensic Evidence. 
Now, this memorandum of understanding valid, it is a basic foundation for the 
establishment of the Nuclear Forensic unit in the forensic administration.

4.4 Radiological survey unit in forensic administration:

Radiological surveys unit in The General Administration of Forensic Evidence was 
established in the year 2013, they are considered as the nucleus of the nuclear forensic 
unit. And that was based on the recommendations by some management and employees 
of the administration of forensic evidence, who participated in an internal and external 
conferences related to nuclear security. After that they were preparing a memorandum of 
understanding between The General Administration of Forensic Evidence and Sudan 
Nuclear and Radiological Regulating Authority SNRRA as the competent body in the 
country, They reported in the memorandum of understanding to establish The 
radiological surveys unit within the structure of the forensic evidence administration, the 
unit specializes in a radiological accidents and emergency, dealing directly with tasks 
related to the coverage of the relevant criminal incidents and do the police job, and 
providing established its structure, human and material resources that enable them to do 
their homework, as well as to maintain the human staff and support the ongoing 
rehabilitation and training. Also that SNRRA helps forensic evidence in the construction 
and development of human staff of the unit by providing workshops and training sessions 
short and long related domain, which are held at home and abroad.

Indeed, the forensic evidence equipped offices for forensic unit's, and was 
appointed a cadre of workers, The staff has a scientific knowledge in the professional 
work of the Unit, Also the SNRRA as agreed on a memorandum of understanding, 
support the radiological survey unit by a number of devices, So they handed over the unit 
a number of devices, which is: one Identifinder device, in addition to the three Polimaster 
devices which are used in the radiation detection, and is still ongoing cooperation.
Now the unit participated in the coverage of some radiation accidents with SNRRA. in 
addition to conducting radiation surveys of events that are expected to include radioactive 
sources according to the criminal communications sites, and this is done as stated in the 
memorandum of understanding.
In the aspect of training to employees of the forensic evidence administration has been set 
up a number of Training Courses in the field of radiation protection and nuclear security, 
with a cooperation of the SNRRA, also Employees of The General Administration of 
Forensic Evidence are participating in workshops and conferences related to nuclear 
forensic and nuclear security both internally and externally, to gain more of expertise and 
experience, and then transfer these experiences.
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Now is the setting for the development of nuclear forensic laboratory unit belonging to 
forensic laboratory directorate to do the laboratory jobs for radioactive materials retained. 
And that to actual participation in the work of the nuclear forensic, through the provision 
of services and equipment for analysis, and complete the episode. Starting from visiting 
the crime scene and conduct a radiation survey, then take samples for testing to determine 
its source then complete the case and introduce it to the justice.
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CH APTER FIVE
CO NCLUSSIO N AND RECO M M ENDATIO NS

5.1 Conclusion
Nuclear forensic is an important part of our response to nuclear terrorist attack 

and important to our national security. It is not intended to provide all of the answ ers that 
decision makers desire, but to appreciate its value, one need only imagine the 
circumstances if the nation did not have a nuclear forensic capability in place when an 
interdiction or a detonation event occurred. (Opcit, p i2)
Nuclear forensic is the examination and evaluation of discovering or seized nuclear 
materials and devices or, in cases of nuclear explosions or radiological dispersals, to 
detonation signals and post-detonation debris. Nuclear forensic evidence helps law 
enforcement and intelligence agencies work toward preventing, mitigating, and 
attributing a nuclear or radiological incident.
This research to shed light on the case of Status of Nuclear Forensic Support in Sudan, 
how is development and the future outlook.
An impromptu nuclear forensic effort would be initiated. Such an effort would likely 
provide inferior and possibly misleading results on a longer timeline and with lower 
confidence levels. Key information might never be discovered. The intelligence and law 
enforcement communities would be asked to carry out their investigations without timeh. 
reliable information about the nuclear materials or device design. Analysts would have no 
benchmarks by which to judge the quality of the information upon which decisions and 
actions are taken. This would make it more difficult to identify the perpetrators, 
especially their supporters or sponsors.
Furthermore, even if intelligence and law enforcement were to successfully identify 
culprits associated with smuggling or detonating a weapon or material, they would have 
to provide supporting evidence for their conclusions, not just in a prosecutorial context 
but even in a national security context, domestically and internationally. Allies and 
adversaries alike must be persuaded, and that task would be made easier w ith physical 
forensic evidence provided by a robust program.
Important as nuclear forensic capabilities are, they are at risk and actions are needed now 
to sustain and improve them.
Nuclear forensic is important to our national security. Actions, including provision of 
appropriate funding, are needed now to sustain and improve the nation's nuclear forensic 
capabilities. The Sudan Nuclear and Radiological Regulating Authority SNRRA. 
working with cooperating agencies and national laboratories, should plan and implement 
a sustainable, effective nuclear forensic program. Sudan Nuclear and Radiological 
Regulating Authority SNRRA and The General Administration of Forensic Evidence 
started this cooperation and making a memorandum of understanding between them. It 
makes recommendations to sustain and improve our nuclear forensic capabilities.
Major areas of concern include:
Organization. The responsibility for nuclear forensic is shared by several agencies 
without central authority and with no consensus on strategic requirements to guide the 
program.
This organizational complexity hampers the program and could prove to be a major 
hindrance operationally.
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Workforce and Infrastructure. Personnel skilled in nuclear forensic are too few and are 
spread too thinly. Some key facilities are in need of replacement because they are old. 
outdated, and not built to modern environmental, health, and safety standards.
Procedures and Tools. Most nuclear forensic techniques were developed to carry out 
Cold War missions and to satisfy a different, less restrictive set of environmental, health, 
and safety standards. Some of the equipment also does not reflect today's technical 
capabilities. (Opcit, pi).

5.2 Recommendations:

After the researcher collected and analyzed the information regarding to the 
forensic nuclear support in Sudan topic, he comes up with a number of recommendations 
that should be implemented to elevate the role of the forensic nuclear, these 
recommendations include several points, and the most important are:

1. Streamline the organizational structure, aligning authority and responsibility; and 
develop and issue appropriate requirements documents.

2. Issue a coordinated and integrated implementation plan for fulfilling the requirements 
and sustaining and improving the program's capabilities. This plan would represent a 
coordinated, integrated program view, including prioritized needs for operations, 
infrastructure, research and development. The plan should specify what entity is 
responsible for each action or program element. The plan would form the basis for the 
multi-year budget requests essential to support the program and its plan.

3. Implement a plan to build and maintain an appropriately sized and composed nuclear 
forensic workforce, ensuring sufficient staffing at the national laboratories and support 
for university research, training programs, and collaborative relationships among the 
national laboratories and other organizations.

4. Adapt nuclear forensic to the challenges of real emergency situations, including, for 
example, conducting more realistic exercises that are unannounced and that challenge 
regulations and procedures followed in the normal work environment, and implementing 
lessons learned.

5. Develop standards and procedures for nuclear forensic that are rooted in the same 
underlying principles that have been recommended to guide modern forensic science, 
including calibration using reference standards; cross comparison with other methods; 
inter-laboratory comparisons; and identification, propagation, and characterization of 
uncertainties.

6. Devise and implement a plan that enables access to relevant information in 
databases—including classified and proprietary databases—for nuclear forensic missions.

7. Determine the classes of data and methods that are to be shared internationally and 
explore mechanisms to accomplish that sharing.
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